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?=8 < 96 47G=@8:A 6 >8@7@658 76 A =8@D6 DEC>586 A 4F@A 4>F ?=> E74G> 7 6?49  O
9:9: 
Mafia
>8@7@6  ?7>6 >5 ?=?@E8E > 6>??=8 ?=> 868 A =@56  A=8@D6  ﬃ88
?=?@E8E < 4??7E À S`_TW Á maVbS^_TW À `aTVT
f < ? A 8 Y 7 47G=@8:A   5 ?46 868 8=>6
76 A=8@D6 DEC>586  >5 97466  EC>@K4759   7>6 ?E9@6AA58 < 7 47G:=@8:A K4 >5@O











?A @6 A=8@D6 
Z
  ZA 6@ 76 89:5@C>6 A?7=JE6
6=58 @E586 < 456 7 56AQ7 74 6848EG@ 68 74 A ZA  6>??@A  8=>8 6=>6O4Q =58
7 ?7>6 G45 A=8@D 68 @597>6 456 >5 A=8@D DEC>58 A 4F@A 47 E© Y E9=>K8 

2Â 2Â Ã Ł   Ä¹ ¹Åº
ÆÇÈÉÊËÈÌ ÍÎ ÏÈÊÐÊÎÑÍËÈ Ò ÏÇÈÓÔÈ ÑÍÌ ÓÈÇÎÌÇÉÓÔÊÎÌ
P Õ47G=Ö@8:A ×
FP − Growth L
°Ø± ﬂﬂN
×8 6×6 K4Ö@458×6 D=58 4>66@ >5 ?4Ö
9
=>Ö6 ×5 ?Ö=O








4@6 Y 74 Ù@EÖ×5
9





Ù Õ47G=Ö@8:A ×6 5 Õ××
9




6> @K @× Ù Õ>5×
?:46× Ù× KEÖ@B
9








8×A ×58 7×6 A =8@D6 ×8 7×>Ö 6>??=Ö8














7 Õ47G=Ö@8:A × 6 Õ4??>@× 6>Ö >5× 68Ö>
9




















Ù Õ>5× 7@68× 8Ö456K×Ö647× Ù× ?=@58×>Ö D4@6458 7× 7@×5 ×58Ö× 7×6 4Ö8@
9























AEA=@Ö× Ú P4 BG>Ö× Ü ÚÜ A=58Ö× 7×
FP−tree
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8>×Ö Ù× A 45@;Ö× ÖE
9
>Ö6@K× Ù×6 ?Ö=© ×
9
8@=56




















Ú P4 BG>Ö× Ü ÚÝ A =58Ö× 7× ?4Ö
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Ú P×6 A=8@D6 ×5 5=@Ö 6=58 7×6 A=8@D6 DÖE
C









A=8@D6 ×5 GÖ@6 6=58 Ù×6 A=8@D6 5=5 DÖEC>×586 C>@ 5 Õ=58 ?46 E8E GE5EÖE6 ?4Ö 7 Õ47G=Ö@8:A × <
A 4@6 C>@ 7 Õ4K4@×58 E8E ?4Ö >5 ?4Ö9=>Ö6 ×5 ?Ö=D=5Ù×>Ö 97466@C>× ~K=@Ö BG>Ö× Ü Ú!

Ú P×6 A=8@D6
GE5EÖE6 Y 9:4C>× @8EÖ48@=5 Ù× 7 Õ47G=Ö@8:A × 4??4Ö4@66×58 Ù456 >5 94ÙÖ× ×5 ?=@58@77E 6>Ö 74
BG>Ö× 4K×9 7× 5>A EÖ= Ù× 7 Õ@8EÖ48@=5 ×5 Ù×66=>6 Ú















=AA× 7× A =58Ö× 74 BG>Ö× Ü ÚÝ
<
7 Õ47G=Ö@8:A × 8Ö=>K× 7 Õ×56×AQ7× Ù×6 A =8@D6 DÖE
C
>×586 ×5





















×Ö84@5×6 @8EÖ48@=56 ? ×ÖA ×88×58 Ù× GE5EÖ×Ö
Ù@Ö×
9




































>Ö6@=5 ×8 GE5;Ö× Ù@Ö×
9
8×A ×58 7×6 A =8@D6
9
=568@8>E6






















7=Ö6 Ù× 7 ÕE8>Ù× Ù>













× 8J? × Ù Õ47G=Ö@8:A× EK@8× Ù× GE5EÖ×Ö Ù×6 A=8@D6













































































:× ×8 EK@8× Ù× GE5EÖ×Ö Ù×6 A =8@D6
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¥}¦ § Ü Ú
á ¨ #F
×A?7× Ù Õ@8EÖ48@=5 Ù×
FP − growth
ÆÇÈÉÊËÈÌ ÍÎ ÏÈÊÐÊÎÑÍËÈ Ò ÏÇÈÓÔÈ ÑÍÌ æÊÓÔÐÌ ÐÍÈæçÌ













8>×58 ?46 >5 ?4Ö
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?7=@8×58 Y 74 ?74
9
× 7×6 A =8@D6 D×ÖA E6 Ú
LCM
6 Õ4??>@× 6>Ö 74 5=8@=5 Ù Õ×
F















:× Ù Õ>5 A=8@D D×ÖA E Y 7 Õ4>8Ö×
<
EK @8458 4@56@ Ù× 8×68×Ö
>5 GÖ45Ù 5=AQÖ× Ù×
9




8×56@=5 Ù× D×ÖA ×8>Ö× Ù Õ>5 A=8@D
P
6@
Q = Cl(P ∪ {i}), i 6∈ P
Ú
à
























×6 A=8@D6 ? ×>8
Z
8Ö× E5>AEÖE @8EÖ48@K×A ×58 ×5 >8@7@6458 >5@
C
>×A×58
7×6 D×ÖA E6 ÙE
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74 5=8@=5 Ù Õ×
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4 E8E @58Ö=Ù>@8× Ú
Ø





>× 7 Õ×56×AQ7× Ù×6 4Ö8@
9
7×6 ×68















=A?=6E 6×>7×A ×58 Ù×6 4ÖO
8@
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prefixi(P ) = P∩{1, 2, ..., i}
Ú P4
ppc−extension






























ü Q = Cl(P ∪ {i}), i 6∈ P
e










Cl(P (i)) = P
e










































H @56@ 7 Õ×56×AQ7× Ù×6 A=8@D6 D×ÖA E6 ? ×>8 Z8Ö× Ö×?ÖE6×58E 6=>6 D=ÖA × Ù Õ4ÖQÖ× < = 9:4C>×
5=×>Ù B76 ×68 74
ppc−extension
Ù× 6=5 5=×>Ù ?;Ö× Ú P Õ47G=Ö@8:A ×
LCM
ÙEK×7=??E ?4Ö9=>Ö8
9×8 4ÖQÖ× ×5 ?Ö=D=5Ù×>Ö ×5 E74G>458 7×6 6=>6O4ÖQÖ×6 @66>6 Ù Õ>5 A=8@D D×ÖA E 5=5 DÖEC>×58 <
×8 ? ×ÖA ×8 4@56@ Ù Õ=Q8×5@Ö 7 Õ×56×AQ7× Ù×6 A =8@D6 D×ÖA E6 DÖEC>×586 Ú
¥}¦ § Ü Ú
â ¨ F






P4 BG>Ö× Ü Ú
â
A=58Ö× 7×6 A=8@D6 GE5EÖE6 7=Ö6 Ù×6 ?Ö×A @;Ö×6 @8EÖ48@=56 Ù× 7 Õ47G=Ö@8:A ×
Y ?4Ö8@Ö Ù×6 Ù=55E×6 Ù× 7 Õ×
F
×A?7× ã Ú P Õ47G=Ö@8:A × ×68 @5 @8@47@6E 4K×
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7× Ú P× ?Ö×A @×Ö A =8@D GE5EÖE ×68 Ù=5
9
AC










































A=8@D ×68 DÖEC>×58 < 64
ppc − extension ABCDEF
×68 Ù=59 9=568Ö>@8× Ú
ABCDEF
×68




6>@K458× Ú H>9>5× 4>8Ö×
ppc− extension
5× ?×>8 Z8Ö× 9ÖEE×
?=>Ö 9× A=8@D Ú P Õ47G=Ö@8:A × E8>Ù@× Ù=59 7×6 4>8Ö×6
ppc− extension
Ù> A=8@D 4J458 ? ×ÖA @6
Ù× 7× GE5EÖ×Ö < @ Ú× Ú
AC











94Ö @76 5× Ö×6? ×98×58 ?46 74 9=5Ù@8@=5 6>Ö 7× ?ÖEBF× Ú Ø4Ö
9=56EC>×58 < 7 Õ47G=Ö@8:A × 4 B5@ 7 ÕE8>Ù× Ù× 74 6=>6OQÖ459:× Ù×
A
< ×8 9=58@5>× 6=5 ×F?7=Ö48@=5
Ù> Ö×68× Ù× 7 Õ4ÖQÖ× Ú P× ?4Ö9=>Ö6 ××98>E 4> B547 ?4Ö 9×8 47G=Ö@8:A × ×68 @77>68ÖE Ù456 74
BG>Ö× Ü Ú ~7×6 A=8@D6 :49:>ÖE6 6=58 7×6 A =8@D6 5=5 DÖEC>×586 GE5EÖE6

Ú





















@7 ×68 ×56>@8× ?=66@Q 7× Ù× GE5EÖ×Ö
















×6 A =8@D6 ×8 7×>Ö 6>??=Ö8 Ú

















8Ö=>KE6 ?4Ö 7× ?4Ö
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P Õ47G=Ö@8:A ×










































×88× 5=8@=5 6 Õ4??>@× 6>Ö 7×6 8:E=Ö;A ×6 ) ×8  ?ÖE6×58E6 ×5 6×98@=5 ã < ? ×ÖA ×88458 Ù×
Ö×7@×Ö 7×6 Q=ÖÙ>Ö×6 ?4Ö >5 9479>7 Ù× 8Ö456K×Ö64>F A @5@A 4>F Ú è5× Ù>47@648@=5 9=56@68× 47=Ö6
Y >8@7@6×Ö 9×6 8:E=Ö;A ×6 ?=>Ö ?466×Ö Ù Õ>5× Q =ÖÙ>Ö× Y 7 Õ4>8Ö× Ú
 456 7×>Ö 47G=Ö@8:A × < 7×6 4>8×>Ö6 >8@7@6×58 ?7>6 ?4Ö8@9>7@;Ö×A ×58 7× 8:E=Ö;A × ) ?=>Ö
×68@A ×Ö 74 Q=ÖÙ>Ö× 5EG48@K× Y ?4Ö8@Ö Ù Õ>5× Q=ÖÙ>Ö× ?=6@8@K× ×5 9=568Ö>98@=5 < C>@ ×68 8=>O
© =>Ö6 >5 6=>6O×56×AQ7× Ù× 74 Q=ÖÙ>Ö× ?=6@8@K× Y ÙE9=>KÖ@Ö Ú * 9:4C>× @8EÖ48@=5 < 74 Q=ÖÙ>Ö×
5EG48@K× C>@ 9=ÖÖ×6?=5Ù Y 9× 6=>6O×56×AQ7× ×68 GE5EÖE× ?4Ö >5 9479>7 Ù× 8Ö456K×Ö64>F
A @5@A 4>F Ú P×6 E7EA ×586 Ù× 9×88× Q=ÖÙ>Ö× 5EG48@K× 6=58 8×68E6 6>Ö 7×6 Ù=55E×6 © >6C> ÕY ×5
8Ö=>K×Ö >5 C>@ 6=@8 @58EÖ×66458
½
9×7> @O9@ ×68 47=Ö6 7× ?=@58 Ù× ÙE?4Ö8 Ù Õ>5× Ö×9:×Ö9:× 47E4O
8=@Ö× ×5 ?Ö=D=5Ù×>Ö © >6C> ÕY 74 ÙE9=>K×Ö8× Ù> A=8@D Ù× 74 Q=ÖÙ>Ö× ?=6@8@K× C>@ 7× 6? E9@47@6× Ú
è5× D=@6 8Ö=>KE < 9× 5=>K×4> A=8@D ×68 4© =>8E Y 74 Q=ÖÙ>Ö× ?=6@8@K× ×5 9=568Ö>98@=5 C>@ ×68
>8@7@6E× ?=>Ö >5× 5=>K×77× @8EÖ48@=5 Ú P Õ47G=Ö@8:A × 6 Õ4ÖÖZ8× 7=Ö6C>× 74 Q=ÖÙ>Ö× 5EG48@K× ×68
×58@;Ö×A ×58 ÙE9=>K×Ö8× Ú
ì=8=56 C>× 74 Q=ÖÙ>Ö× 5EG48@K× GE5EÖE× ?4Ö 74 Ù>47@648@=5 ×68 9=568@8>E× Ù×6 ?7>6 ? ×8@86
A =8@D6 5=5 @5
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>8@=5 Ù× 7 Õ47G=Ö@8:A × Y ?4Ö8@Ö Ù×6 Ù=55E×6 Ù× 7 Õ×
F
×A?7× ã Ú P4


















> ÕY 74 ÙE
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=>Ö6 ×5 ?Ö=D=5Ù×>Ö © >6
C
> ÕY 74 ÙE
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Ù×>F @;A × Ù>47@648@=5 6× D4@8 Ù=59 Y ?4Ö8@Ö Ù× 7 Õ×56×AQ7×
{ABCDF,BDEF}





C>@ 6=58 8=>6 Ù×>F 5=5 DÖEC>×586 Ú Ø4Ö 9=56EC>×58 < 7 Õ47G=Ö@8:A ×
6 Õ4ÖÖZ8× ×8 74 Q=ÖÙ>Ö× ?=6@8@K× B547× ×68
{ABCDF,BDEF}
Ú
ì=8=56 C>× 9×8 47G=Ö@8:A × D4@8 >5× Ù>47@648@=5 ?4Ö A=8@D DÖEC>×58 A 4F@A 47Ú
P× 84Q7×4> Ü Ú) D4@8 >5× 6J58:;6× Ù×6 Ù@EÖ×58×6 68Ö48EG@×6 ?ÖE6×58E×6 Ù456 9× 9:4O




< ×8 7×6 68Ö48EG@×6 Ù ÕE74G4G× ×8 Ù× 64>86 >8@7@6E×6 Ú P×6 6=7>8@=56 ?ÖE6×58E×6 @9@
6=58 9×77×6 ÙE9=>K×Ö8×6 ?4Ö 7×6 47G=Ö@8:A ×6 6456 4>9>5 8Ö4@8×A ×58 6>??7EA ×584@Ö× Ú  ×6 K4O
Ö@458×6 Ù× 9×6 47G=Ö@8:A ×6 =58 4>66@ E8E ÙEK×7=??E×6 4B5 Ù× 8Ö=>K×Ö × 949×A ×58 Ù Õ4>8Ö×6
6=7>8@=56 Ú
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G LFMONKJ JL M
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GRGRJ D SGNLKN TJU V OLKWU
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JU XONTINJU SOUKLKYJ M
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JU XONTINJU SOUKLKYJ M
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G XONTINJ SOUKLKYJ M
Q
GRGRJ D SGNLKN TJU V OLKWU
POP WNMHIJPLU JL TJU VOLKWU
TJ
Q





G XONTINJ SOUKLKYJ M
Q
GRGRJ D SGNLKN TJU V OLKWU
POP WNMHIJPLU ] TJU V OLKWU
TJ
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G XONTINJ SOUKLKYJ ] JL TJU
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GRGRJ D SGNLKN TJU UGILU JPLNJ
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JU XONTINJU SOUKLKYJ M
Q











abc § Ü Ú)
¨
à




eÖdhe @=g Ù× A=e @Df
Þr


















dgf id f>@e× Ù× h× A dg>fhÖ@e k g=>f dii=gf dQ=ÖÙ×Ö i×f ?Ö=Q ilA×f f>@Kdgef í
m
P ÕdÙd?ede @=g Ù×f diG=Ö@ejA×f Ù Õ×FeÖdhe @=g Ù× A=e@Df DÖEC>×gef d>F Ù=ggE×f Ú ªdh× Y
h× ?Ö=Q ilA× k g=>f Ee>Ù@×Ö=gf
¨ i× ?Ö=Q ilA× Ù× id hdÖdheEÖ@fde @=g Ù×f © ×>F Ù× Ù=ggE×f k @ Ú× Ú @Ù×ge @B×Ö i×f hdÖdheEÖ@fO
e @C>×f Ù×f © ×>F Ù× Ù=ggE×f @gn>×godge i×f diGpÖ@ejA×f
½
¨ ?q @f i×f i@A @e×f Ù×f diGpÖ@ejA×f dÙd?ede @Df ×F @fedgef Ú ìpqf diipgf ? iqf ?dÖe @hqO
i@lÖ×A ×ge dQpÖÙ×Ö i× ?ÖpQ ilA× Ù× id ÙEhpqK×Öe× dÙd?ede @K× Ù×f A pe @Df DÖECq×gef
A dF @A dqF Ú
m
Pd A@f× ×g ? idh× Ù× fpiqe @pgf GEgEÖ@Cq×f ×hdh×f ?pqÖ i Õ×FeÖdhe@pg Ù× A pe @Df @geEO
Ö×ffdgef Ú P ÕpQ© ×he @D @h @ ×fe Ù× e @Ö×Ö ?ÖpBe Ùq GÖdgÙ gpAQÖ× Ù ÕdiGpÖ@ejA×f ?Öp?pfEf
?pqÖ i Õ×FeÖdhe @pg Ù× A pe @Df DÖECq×gef ?pqÖ ÖEfpqÙÖ× epqe× qg× DdA@ii× Ù× ?ÖpQ ilA×f
Ù× ÙEhpqK×Öe× Ù× hpggd @ffdgh×f Ú ìpqf EeqÙ@×Öpgf
¨ Ùdgf qg ?Ö×A @×Ö e×A?f k i Õd?? i@hde @pg Ù×f diGpÖ@ejA×f ×F @fedgef ?pqÖ id Ö×hj×Öhj×
Ù× A pe @Df DÖECq×gef Ùdgf i× hdÙÖ× Ù× id ÙEhpqK×Öe× Ù× A pe @Df @geEÖ×ffdgef
½
¨ ?q @f Ùdgf qg f×hpgÙ e×A?f k i× ?ÖpQ ilA× Ù× i Õqe@i@fde@pg Ù×f fpiqe@pgf ipG@h @×ii×f
×
F
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pqÖ ÄdÅÖ× Ädh× Æ id ÇÖdgÙ× ÈdÖÅÉeÉ Ù× ÙpggÉ×f ×e Æ i ÕÅgnq×gh× Ù× h× ii×fÊhÅ fqÖ i×f
diÇpÖÅejË ×f k i×f diÇpÖÅejË ×f dÙdÌedeÅÄf fpge Ù×f fpiqeÅpgf ÌdÖeÅhqiÅlÖ×Ë ×ge ÌÖpË ×ee×qf×f Ú
¼
pqe×ÄpÅf k i×qÖ ËÅf× ×g Ìidh× ÅË ÌiÅÍq× qg× Îpgg× ËdÏeÖÅf× Ù×f feÖdeÉÇÅ×f ×Ð Åfedge×f k dÅgfÅ
Íq× id hpggdÅffdgh× Ù×f hdÖdheÉÖÅfeÅÍq×f Ù×f ÙpggÉ×f Ågnq×godge h×f feÖdeÉÇÅ×f Ú
dgf h× hjdÌÅeÖ× k gpqf diipgf ÌÖÉf×ge×Ö i×f ÌÖÅghÅÌdi×f hdÖdheÉÖÅfeÅÍq×f ÉeqÙ ÅÉ×f Ù×f
© ×qÐ Ù× ÙpggÉ×f ×e ÈpÅÖ hpËË ×ge h×ÖedÅg×f fpge qeÅiÅfÉ×f Ùdgf i×f diÇpÖÅejË ×f ÌpqÖ Ë ×eeÖ×
×g Ìidh× Ù×f feÖdeÉÇÅ×f dÙdÌedeÅÈ×f Ú
Ñ Ò Ó Ô#ﬁ #Õ!$ﬁ ®$ﬁ Ö $!× ®$ ®ﬀÔ$ﬁ
Ø ÙÚÙÚ
ÃÛÜÛÝÞÅÜßàÞ ßºáâà ãâà ÞÜÛäàÛÝÞßåäà
æ×f hdÖdheÉÖÅfeÅÍq×f Ù×f eÖdgfdheÅpgf pge gdeqÖ×ii×Ë ×ge qg ÄpÖe ÅËÌdhe fqÖ i×f diÇpÊ
ÖÅejË ×f Ú ç h× gÅÈ×dq k i×f ÌÖÅghÅÌdi×f hdÖdheÉÖÅfeÅÍq×f ÅÙ×geÅèÉ×f fpge í
é
i× gpËÎÖ× k id edÅii× k ×e i× eêÌ × Ù×f eÖdgfdheÅpgf
½
é








 × ËdgÅlÖ× ÇÉgÉÖdi× k Ì iqf id edÅii× Ù× id Îdf× Ù× ÙpggÉ×f ×fe ÅËÌpÖedge× ×e f×f eÖdgfdhÊ
eÅpgf ipgÇq×f k Ìiqf i× e×ËÌf Ù Õdhhlf dqÐ ÙpggÉ×f Ì pqÖ ÙÉe×ÖËÅg×Ö i× fqÌÌpÖe Ù×f Ë peÅÄf
dqÖd e×gÙdgh× Æ óeÖ× Éi×ÈÉ Ú èg× ÇÖdgÙ× ÌdÖeÅ× Ùq e×ËÌf Ù Õ×ÐÉhqeÅpg Éedge iÅÉ dq hdihqi
Ùq fqÌÌpÖe k i× hpËÌpÖe×Ë ×ge Ù×f diÇpÖÅejË ×f f×Öd Ùpgh Ù ÅÖ×he×Ë ×ge Ågnq×ghÉ ÌdÖ h×f
hÖÅelÖ×f Ú g Ìiqf Ùq e×ËÌf Ù Õ×ÐÉhqeÅpg k i ÕdqeÖ× Ö×ffpqÖh× hÖÅeÅÍq× ×fe id Ë ÉËpÅÖ× Ú ô Ö k i Õ×fÊ
Ìdh× ËÉËpÅÖ× phhqÌÉ ÙÉÌ ×gÙ dqffÅ Ù× h×f Ädhe×qÖf Ú g ×õ ×e k i×f diÇpÖÅejË ×f hjdÖÇ×ge qg×
ÌdÖeÅ× Ìiqf pq ËpÅgf ÅË ÌpÖedge× Ù×f ÙpggÉ×f ×g Ë ÉËpÅÖ× Ú ödiÇÖÉ i ÕqeÅiÅfdeÅpg Ù× feÖqhÊ
eqÖ×f Ù× ÙpggÉ×f pÌeÅË Åfdge h×e ×fÌdh× phhqÌÉ k h× iq ÅÊhÅ Ì ×qe ÌdÖÄpÅf óeÖ× eÖpÌ ÅËÌpÖedge
×e ÅËÌiÅÍq×Ö Ù×f dhhlf Ù ÅfÍq×f eÖlf hp÷e×qÐ ×g Ë ÉËpÅÖ× ÈÅÖeq×ii× k ÈpÅÖ× ËóË × id fdeqÖ×Ö
×e ×geÖdÏg×Ö i ÕdÖÖóe Ù× i ÕdiÇpÖÅejË × Ú
g Ù×jpÖf Ù× h×f hpgfÅÙÉÖdeÅpgf k id Ù Å hqieÉ Ù× i Õ×ÐeÖdheÅpg Ù×f ËpeÅÄf ÄÖÉÍq×gef ÙÉÌ ×gÙ
×g ÇÖdgÙ× ÌdÖeÅ× Ù× id edÅii× Ù× i Õ×fÌdh× Ù× Ö×hj×Öhj× Æ ÌdÖhpqÖÅÖ ÌpqÖ eÖpqÈ×Ö id fpiqeÅpg Ú




×fe i× gpËÎÖ× Ù ÕdÖeÅhi×f Ú
æ ÕpÎf×ÖÈdeÅpg Ù× h× hÖÅelÖ× Ì ×ÖË ×e Ùpgh Ù× hpggdÏeÖ× i× gpËÎÖ× Ù× ËpeÅÄf Æ eÖdÅe×Ö ÌdÖ
i ÕdiÇpÖÅejË × Ùdgf i× ÌÅÖ× hdf Ú dgf i× ËóË × ×fÌÖÅe k id edÅii× Ù× id Ìiqf ÇÖdgÙ× eÖdgfdheÅpg
Ì ×ÖË ×e Ù× ÎpÖg×Ö h× ii× Ù×f Ìiqf ÇÖdgÙf ËpeÅÄf ÄÖÉÍq×gef k ×e Ùpgh Ù ÕdÈpÅÖ qg× ÅÙÉ× Ù× i Õ×fÌdh×
Ù× Ö×hj×Öhj× Æ ÌdÖhpqÖÅÖ Ú
Ø
dÖ ×Ð×ËÌi× k fÅ qg× Îdf× Ù× ÙpggÉ×f ×fe hpËÌpfÉ× Ù× Ì ×eÅe×f
eÖdgfdheÅpgf k i×f ËpeÅÄf ÄÖÉÍq×gef hpÖÖ×fÌpgÙdgef f×Öpge Ì ×eÅef k ×e i Õ×fÌdh× Ù× Ö×hj×Öhj× Æ
ÌdÖhpqÖÅÖ Ì ×q ÅËÌpÖedge Ú
öóË × fÅ h×f hdÖdheÉÖÅfeÅÍq×f fpge ÎdfÅÍq×f k gpqf È×ÖÖpgf Ùdgf id f×heÅpg Ý Úù Íq Õqg
ÇÖdgÙ gpËÎÖ× Ù ÕdiÇpÖÅejË ×f i×f qeÅiÅf×ge dÈ×h fqhhlf ÌpqÖ ÙÉe×ÖË Åg×Ö Ù×f hjdgÇ×Ë ×gef
Ù× feÖdeÉÇÅ×f ×g ÄpgheÅpg Ù×f ÙpggÉ×f Ú
¼
pqe×ÄpÅf k h×f hdÖdheÉÖÅfeÅÍq×f Ù×f eÖdgfdheÅpgf g×
Ì ×ÖË ×ee×ge Ìdf Ù× hdÖdheÉÖÅf×Ö èg×Ë ×ge i Õ×fÌdh× Ù× Ö×hj×Öhj× Ú
Ø ÙÚÙ
Â úåÞßåä ãâ ãâäàßÞÅ âÞ ÝûÛààßüÝÛÞßåä ãâà ý âáþ ãâ ãåääÅâà
dgf i× hpge×Ðe× Ù×f Ë peÅÄf ÄÖÉÍq×gef k qg× ÙÉègÅeÅpg Ù× id Ù×gfÅeÉ Ù Õqg ß ×q Ù× ÙpggÉ×f
d ÉeÉ ÌÖpÌpfÉ× Ùdgf  
¯ä
) Ú èg ß ×q Ù× ÙpggÉ×f ×fe Ù Åe   f ÕÅi ÌÖpÙqÅe qg ÇÖdgÙ gpËÎÖ×
Ù× ipgÇf ËpeÅÄf ÄÖÉÍq×gef Ë óË × ÌpqÖ Ù×f Èdi×qÖf Éi×ÈÉ×f Ù× f×qÅi Ë ÅgÅËqË Ù× fqÌÌpÖe Ú
¼
pqf i×f fpqfÊ×gf×ËÎi×f Ù× h×f Ë peÅÄf Éedge ÄÖÉÍq×gef k id edÅii× Ù× i Õ×fÌdh× Ù× Ö×hj×Öhj× Ù×f
ËpeÅÄf ÄÖÉÍq×gef f×Öd ÅËÌpÖedge× Ú æ×f diÇpÖÅejË ×f ÌdÖhpqÖdge qg× ÌdÖeÅ× Ìiqf pq ËpÅgf ÅË Ê
ÌpÖedge× Ù× h×e ×fÌdh× Ù× Ö×hj×Öhj× hjdÌÅeÖ× Ü k i×qÖf Ì ×ÖÄpÖËdgh×f Èpge óeÖ× Ågnq×ghÉ×f
ÌdÖ h× hÖÅelÖ× Ú
dgf  
¯ä
) k h×ee× Ù×gfÅeÉ ×fe Ö×ÌÖÉf×geÉ× ÌdÖ id Ù ÅfeÖÅÎqeÅpg Ù×f Ë peÅÄf ÄÖÉÍq×gef
Ë dÐÅË dqÐ k Å Ú× Ú i× gpËÎÖ× Ù× ËpeÅÄf ÄÖÉÍq×gef Ë dÐÅË dqÐ ÌdÖ gÅÈ×dq Ú
à
×ee× gpeÅpg Ù×
Ù×gfÅeÉ d ÉeÉ ÉeqÙ ÅÉ× ×ÐÌÉÖÅË ×gedi×Ë ×ge fqÖ Ù×f ß ×qÐ Ù× ÙpggÉ×f ÖÉ× if ×e fêgejÉeÅÍq×f
Åffqf Ù×  p ×Î  Ú ç ÌdÖeÅÖ Ù× h×ee× gpeÅpg Ù× Ù×gfÅeÉ k i×f dqe×qÖf Ùdgf  
¯ä
) pge ÌÖpÌpfÉ
qg× hidffÅèhdeÅpg Ù×f ß ×qÐ Ù× ÙpggÉ×f ×g ÍqdeÖ× eêÌ ×f í
é




k èÇqÖ× Ý Ú) ×fe hdÖdheÉÖÅfÉ ÌdÖ
qg× Ù ÅfeÖÅÎqeÅpg fêËÉeÖÅÍq× Ùq gpËÎÖ× Ù× ËpeÅÄf ÄÖÉÍq×gef Ë dÐÅË dqÐ ÌdÖ ÖdÌÌpÖe
Æ i×qÖ edÅii× Ú
à














ËdÐÅË dqÐ ×fe Ù× edÅii× )
ä
Ê ))k i× Ìiqf ipgÇ g Õ×ÐhÉÙdge Ìdf ùÜ Ú
é




hpgfeÅeq×ge i× Ù×qÐÅlË × eêÌ × Ù×
ß ×qÐ Ù× ÙpggÉ×f èÇqÖ× Ý Úù Ú ØpqÖ h×f ß ×qÐ k i× gpËÎÖ× Ù× ËpeÅÄf ÄÖÉÍq×gef Ë dÐÅË dqÐ
dqÇË ×ge× ÌÖpÇÖ×ffÅÈ×Ë ×ge ß qfÍq ÕÆ qg ÌÅh k ÌqÅf ÙÉhÖpÏe ÎÖqedi×Ë ×ge Ú ØdÖ ÖdÌÌpÖe Æ id
èÇqÖ× Ý Ú)k id edÅii× Ù×f Ë peÅÄf ÄÖÉÍq×gef Ë dÐÅË dqÐ ×fe Ìiqf ipgÇq× k ×e Ì ×qe dee× ÅgÙÖ×
Ü
ä
Ú ì ÉdgËpÅgf k id Ë dß ×qÖ× ÌdÖeÅ× Ù×f ËpeÅÄf ÄÖÉÍq×gef Ë dÐÅË dqÐ ×fe Ù× edÅii× )Ê ) Ú
é
æ× eÖpÅfÅlË × eêÌ × Ù× ß ×qÐ Ù× ÙpggÉ×f hpÖÖ×fÌpgÙ dqÐ ß ×qÐ Ù× ÙpggÉ×f gpg Ù×gf×f pq
ù

   Ú
à
×f ß ×qÐ Ù× ÙpggÉ×f fpge hdÖdheÉÖÅfÉf ÌdÖ Ù×f ËpeÅÄf ÄÖÉÍq×gef Ë dÐÅË dqÐ
Ù× Ì ×eÅe× edÅii× Ú æ×qÖ gpËÎÖ× ×fe Ùpgh eÖlf ÅË ÌpÖedge ÌpqÖ i×f ÌÖ×ËÅ×Öf gÅÈ×dqÐ ÌqÅf
hjqe× eÖlf ÖdÌÅÙ×Ë ×ge ÌdÖ id fqÅe× èÇqÖ× Ý Úã Ú
é
æ× Ù×ÖgÅ×Ö eêÌ × Ù× ß ×qÐ Ù× ÙpggÉ×f ×fe qg Ì ×q ÌdÖeÅhqiÅ×Ö èÇqÖ× Ý ÚÜ Ú i hpÖÖ×fÌpgÙ
dq ß ×q Ù× ÙpggÉ×f
Mushroom
Ú æ× gpËÎÖ× Ù× ËpeÅÄf ÄÖÉÍq×gef Ë dÐÅË dqÐ Ö×fe×
ÄdÅÎ i× ß qfÍq ÕÆ qg gÅÈ×dq Éi×ÈÉ Ú ØqÅf Åi ê d qg× ×ÐÌipfÅpg Ùq gpËÎÖ× Ù× eÖlf ÇÖdgÙf





















  Ý Ú)
é ﬀ






















  Ý Úù
é ﬀ




















  Ý Úã
é ﬀ























  Ý ÚÜ
é ﬀ
×qÐ Ù× ÙpggÉ×f Ù× eêÌ × Ü
æd hidffÅèhdeÅpg Ù×f ß ×qÐ Ù× ÙpggÉ×f Ù ÕdÌÖlf id ÎpÖÙqÖ× ÌpfÅeÅÈ× Ù×f Ë peÅÄf ÄÖÉÍq×gef
×fe ÖÉfqËÉ Ùdgf i× edÎi×dq Ý Ú) Ú
à

















































































Pumsb 9A;< = Pumsb∗ 9?;< = 9; >; ??<=
abc  Ý Ú)
é
à
idffÅèhdeÅpg Ù×f ß ×qÐ Ù× ÙpggÉ×f ÄpgÙÉ× fqÖ id ÎpÖÙqÖ× ÌpfÅeÅÈ× Ù×f Ë peÅÄf
ÄÖÉÍq×gef
B Ôæ ÔÓÍÌ ÑÍ ÉÍÓÓÍ ÑçCÎÔÓÔÊÎ ÑÍ DÇ ÑÍÎÌÔÓç ÍÓ ÑÍ DÇ É DÇÌÌÔCÉÇÓÔÊÎ
ç id Èq× Ù×f èÇqÖ×f Ý Ú) ×e Ý Úù k Åi dÌÌdÖdÏe Íq× id Ù Åõ ÉÖ×gh× ×geÖ× i×f Ù×qÐ ÌÖ×ËÅ×Öf
eêÌ ×f Ù× ß ×qÐ Ù× ÙpggÉ×f g Õ×fe Ìdf ÉÈÅÙ×ge× Ú ii× ×fe ÌÖÅghÅÌdi×Ë ×ge Ùq× Æ qg× iÉÇlÖ×
Ù Åõ ÉÖ×gh× Ù× edÅii× Ù×f Ë peÅÄf ÄÖÉÍq×gef Ë dÐÅË dqÐ Ú i ×fe Ùpgh eÖlf Ù Å hÅi× Ù ÕÅÙ×geÅè×Ö i×







































Pumsb* minsup 25% (12262)
Bd+(F)










 × Ìiqf k Ë óË × fÅ i× eêÌ × Ù× ß ×q Ù× ÙpggÉ×f ×fe ÅÙ×geÅèÉ ÌpqÖ qg f×qÅi Ù× fqÌÌpÖe Ë ÅÊ
gÅËqË ÙpggÉ k h×ee× hidffÅèhdeÅpg Ì ×qe hjdgÇ×Ö ÌpqÖ qg dqeÖ× f×qÅi Ë ÅgÅËqË Ù× fqÌÌpÖe Ú

eqÙ Åpgf ÌdÖ ×Ð ×ËÌi× id Ù×gfÅeÉ k Å Ú× Ú id Ù ÅfeÖÅÎqeÅpg Ù× id ÎpÖÙqÖ× ÌpfÅeÅÈ× Ù×f ËpeÅÄf ÄÖÉÊ
Íq×gef k fqÖ i× ß ×q Ù× ÙpggÉ×f ÖÉÉif
Pumsb∗
ÌpqÖ Ù×qÐ f×qÅif Ë ÅgÅËqËf Ù× fqÌÌpÖe èÇqÖ×
Ý ÚÝ Ú
Ø
dÖ ×Ð×ËÌi× k Ì pqÖ qg f×qÅi Ë ÅgÅËqË Ù× fqÌÌpÖe Ö× ideÅÄ  Ù× 
F
k i× gpËÎÖ× Ù× ËpeÅÄf
ÄÖÉÍq×gef Ë dÐÅË dqÐ dqÇË ×ge× ÌÖpÇÖ×ffÅÈ×Ë ×ge ß qfÍq ÕÆ qg ÌÅh ÌqÅf ÙÉhÖpÏe ÎÖqedi×Ë ×ge Ú
æd edÅii× Ù×f Ë peÅÄf ÄÖÉÍq×gef Ë dÐ ÅË dqÐ ×fe Ö× ideÅÈ×Ë ×ge Éi×ÈÉ× ×e Ì ×qe dee×ÅgÙÖ× Ü
ä
Ú
çÈ×h id hidffÅèhdeÅpg Ù×  G
ä
) k h× ß ×q Ù× ÙpggÉ×f f×ÖdÅe Ùq Ù×qÐÅlË × eêÌ × Ú ëÅ pg ÉeqÙ Å×
h× ËóË × ß ×q Ù× ÙpggÉ×f ÌpqÖ qg f×qÅi Ù× fqÌÌpÖe Ù ÅõÉÖ×ge k ÌdÖ ×Ð×ËÌi× ùÝ
F
k i× Ìiqf ÇÖdgÙ
ËpeÅÄ ÄÖÉÍq×ge ×fe Ù× edÅii× ) ×e id edÅii× Ëpê×gg× Ù×f Ë peÅÄf ×fe Ù× )
ä
Ú æd Ù ÅfeÖÅÎqeÅpg
Ù× h× ß ×q ×fe dqffÅ hjdgÇÉ× k ×e Ù×ÈÅ×ge Ö× ideÅÈ×Ë ×ge fêË ÉeÖÅÍq× Ú çÅgfÅ k
Pumsb∗
ÌpqÖÖdÅe


























































Mushroom minsup 10% (813)
Bd+(F)
  Ý Úá
é E
















k h× ß ×q Ù× ÙpggÉ×f ×fe Ùq
eêÌ × Ü k dipÖf Íq ÕÅi ×fe Ù× eêÌ × ) ÌpqÖ qg f×qÅi Ù× )
äF
Ú i ×fe Ùpgh gÉh×ffdÅÖ× Ù ÕpÎf×ÖÈ×Ö
h×f ÌdÖdËleÖ×f Æ ÌiqfÅ×qÖf Ì ×eÅef f×qÅif Ë ÅgÅËqËf Ù× fqÌÌpÖe ÌpqÖ ÌpqÈpÅÖ ËÅ×qÐ hidff×Ö
i×f ß ×qÐ Ù× ÙpggÉ×f Ú ô Ö ÌpqÖ h×f Èdi×qÖf Ù× f×qÅi k eÖpqÈ×Ö id Ù ÅfeÖÅÎqeÅpg Ù× id ÎpÖÙqÖ×
ÌpfÅeÅÈ× Ù×ÈÅ×ge eÖlf Ù Å hÅi× Ú
K ÍÌ Ï ÍÈÐÊÈæÇÎÉÍÌ Ñ LÇ DMÊÈÔÓNæÍÌ ÍÎ ÉÊÎÓÈÇÑÔÉÓÔÊÎ ÇOÍÉ ÉÍÓÓÍ ÑÍÎÌÔÓç
à
×ee× hidffÅèhdeÅpg g Õ×ÐÌiÅÍq× Ìdf epqß pqÖf i×f Ì ×ÖÄpÖËdgh×f Ù×f diÇpÖÅejË ×f pÎf×ÖÈÉ×f








Ü k Å Ú× Ú i×f ß ×qÐ Ù× ÙpggÉ×f
i×f Ìiqf Ù×gf×f g× fpge Ìdf ÄpÖhÉË ×ge i×f Ìiqf Ù Å hÅi×f Ú

eqÙ Åpgf ÌdÖ ×Ð×ËÌi× i×f ÖÉfqiedef
pÎe×gqf ÌpqÖ h×ÖedÅgf diÇpÖÅejË ×f Ù× ÙÉhpqÈ×Öe× Ù×f Ë peÅÄf ÄÖÉÍq×gef Ë dÐÅË dqÐ ipÖf Ù×
FIMI ′04
ÌpqÖ i×f ß ×qÐ Ù× ÙpggÉ×f ÉeqÙ ÅÉf Ùdgf  G
ä
) èÇqÖ× Ý Ú
â
 Ú
æ× edÎi×dq Ý Úù Ö×ÌÖÉf×ge× dÌÌÖpÐ ÅË deÅÈ×Ë ×ge i× e×ËÌf Ù Õ×ÐÉhqeÅpg Ëpê×g Ù× h×f diÇpÊ
ÖÅejË ×f ÌpqÖ qg f×qÅi Ë ÅgÅËqË Ù× fqÌÌpÖe èÐÉ k dÅgfÅ Íq× id hidffÅèhdeÅpg Ù× hjdÍq× ß ×q







































Ý eêÌ × ù ) Æ )
ä
f×h Ú
abc  Ý Úù
é
 ×gfÅeÉ ×e Ì ×ÖÄpÖËdgh× Ù×f diÇpÖÅejË ×f
æd hidffÅèhdeÅpg Ù×  G
ä




fpge Ìiqf Ù Å hÅi×f Ú

g ×õ×e k id edÅii× Ù× i×qÖf ËpeÅÄf ÄÖÉÍq×gef Ë dÐÅÊ
Ë dqÐ ×fe Ìiqf ÇÖdgÙ× èÇqÖ× Ý Úù Ú æ×qÖ Ù×gfÅeÉ ×fe Ùpgh Ìiqf ÅËÌpÖedge× Ú
Ø
pqÖedge hpËË ×




































































































































HI Sí òìí ðí TIì U U ò
¾
íJì Tïî Tïî íì ì òïì
¾V
í ïðïWìïì Sí
Ùq hÖÅelÖ× Ù× Ù×gfÅeÉ ×e i×f Ì ×ÖÄpÖËdgh×f Ù×f diÇpÖÅejË ×f Ú




dÈ×h Ù×f f×qÅif Ù× fqÌÌpÖe Ù× ã
äF
fpge
Ù× eêÌ ×f Ù ÅõÉÖ×gef k Å Ú× Ú i×qÖ Ù×gfÅeÉ ×fe Ù ÅõÉÖ×ge× Ú ¼pqe×ÄpÅf k i×f diÇpÖÅejË ×f pge Ù×f Ì ×ÖÊ
ÄpÖËdgh×f hpËÌdÖdÎi×f ÌpqÖ h×f ß ×qÐ Ù× ÙpggÉ×f ×e h× f×qÅi Ë ÅgÅËqË Ù× fqÌÌpÖe Ú  × Ìiqf k
gpepgf Íq×
Connect
d Ìiqf Ù× eÖdgfdheÅpgf ×e Ù×f eÖdgfdheÅpgf Ìiqf ipgÇq×f Íq×
Chess
edÎi×dq ) Ú  × id Ë óË × ËdgÅlÖ× k
Pumsb∗





ÌpqÖ qg f×qÅi Ù× ã
äF
èÇqÖ×f Ý Úù ×e Ý Ú) Ú ödiÇÖÉ h× id k i×f Ì ×ÖÄpÖËdgh×f Ù×f
diÇpÖÅejË ×f fpge ×ghpÖ× hpËÌdÖdÎi×f Ú





Ö× ideÅÈ×Ë ×ge ×hdh× ×e fedÎi× Ú
à
pËË × i× ËpgeÖ× id èÇqÖ× Ý Úâ k i×qÖ e×ËÌf Ù Õ×ÐÉhqeÅpg ÌpqÖ
h×f ß ×qÐ Ù× ÙpggÉ×f dqÇË ×ge× eÖlf ÌÖpÇÖ×ffÅÈ×Ë ×ge k ×e Ö×fe× ÄdÅÎi× ß qfÍq ÕÆ Ù× Ì ×eÅef f×qÅif




f×ËÎi×ge óeÖ× Ìiqf Ù Å hÅi×f Ú
à
×ee× Ö×ËdÖÍq× ×fe dqffÅ ÈÖdÅ× ÌpqÖ Ù×f ß ×qÐ Ù× ÙpggÉ×f e× if Íq×
Mushroom
Ú æd Ëdß ×qÖ×
ÌdÖeÅ× Ù×f diÇpÖÅejË ×f g Õd Ìdf Ù× Ù Å hqieÉ fqÖ h× ß ×q Ù× ÙpggÉ×f Ë óË × ÌpqÖ Ù×f f×qÅif






k ÍqÅ ×fe h×gfÉ óeÖ×
ËpÅgf Ù×gf× k ×fe Ìiqf Ù Å hÅi× Ú
Ñ X Y Ôﬀ!Z$ $ [$ﬁ \ ﬀ #]ﬁ ]ÔÕ!$ ﬁ \ ×#\ !× $ ﬁ ^
 Ô_ #$ﬁ [`  #Z$ﬁ
i ×Ð Åfe× qg ÇÖdgÙ gpËÎÖ× Ù ÕdiÇpÖÅejË ×f Ù× ÙÉhpqÈ×Öe× Ù×f Ë peÅÄf ÄÖÉÍq×gef Ë dÐÅË dqÐ
 
E













×f diÇpÖÅejË ×f pge ÌpqÖ pÎß ×heÅÄ Ù× ÙÉÊ
hpqÈÖÅÖ id ÎpÖÙqÖ× ÌpfÅeÅÈ× Ù×f Ë peÅÄf ÄÖÉÍq×gef ×g iÅË Åedge i Õ×fÌdh× Ù× Ö×hj×Öhj× ÌdÖhpqÖq
ÇÖbh× Æ i ÕdgeÅÊËpgpepgÅ× Ùq ÌÖÉÙ Åhde cóeÖ× ÄÖÉÍq×ge cÚ
à
×ÖedÅgf Ù× h×f diÇpÖÅejË ×f pge dqffÅ
Ë Åf ×g Ìidh× Ù×f feÖdeÉÇÅ×f dèg Ù ÕdÙdÌe×Ö id Ö×ÌÖÉf×gedeÅpg Ù×f ÙpggÉ×f ×e id Ë ÉejpÙ× Ù×
hpËÌedÇ× Ùq fqÌÌpÖe ×g ÄpgheÅpg Ù×f ÙpggÉ×f Ú
Ø








ã hjpÅfÅe ÙêgdË ÅÍq×Ë ×ge id feÖqheqÖ× Ù×
ÙpggÉ×f id Ìiqf dÙÌdeÉ× ÌpqÖ Ö×ÌÖÉf×ge×Ö i×f ÙpggÉ×f Ú æ ÕdiÇpÖÅejË × qeÅiÅf× qg× Ö×ÌÖÉf×gÊ
edeÅpg È×ÖeÅhdi× ÌpqÖ id Îdf× Ù× ÙpggÉ×f Ù× eÖdgfdheÅpgf Ú ëpg ÌÖÅghÅÌ × ×fe Ù ÕdffphÅ×Ö Æ
hjdÍq× dÖeÅhi× i Õ×gf×ËÎi× Ù×f eÖdgfdheÅpgf dqÍq× i Åi dÌÌdÖeÅ×ge Ú
Ø
pqÖ ÄdÅÖ× h× id k Åi qeÅiÅf×
Ù×qÐ eêÌ ×f Ù× feÖqheqÖ× Ù× ÙpggÉ×f í qg defg

pq qg× iÅfe× Ù ÕÅÙ×geÅèdge Ù× eÖdgfdheÅpgf k
ÌpqÖ hjdÍq× dÖeÅhi× Ú dgf i× defg

k Åi ê d qg ÎÅe ÌpqÖ hjdÍq× eÖdgfdheÅpg Ù× id Îdf× Ù×











×fe Ë Åf Æ qg h fÅgpg i× ÎÅe Ö×fe× Æ iÉÖp Ú
à
×ee× feÖqheqÖ× Ù× ÙpggÉ×f Ì ×ÖË ×e Ù ÕdÈpÅÖ
qg× ÌÖphÉÙqÖ× Ù× hpËÌedÇ× Ùq fqÌÌpÖe Ù×f ËpeÅÄf eÖlf ×hdh× Ú jpqe×ÄpÅf k id feÖqheqÖ×
Ì ×qe óeÖ× hÖ×qf× ÌpqÖ h×ÖedÅgf eêÌ ×f Ù× ÙpggÉ×f Ú dgf h×f hdf k id Ö×ÌÖÉf×gedeÅpg Ù×f ÙpgÊ
gÉ×f Æ ÌdÖeÅÖ Ù× iÅfe×f Ù ÕÅÙ×geÅèdge Ù× eÖdgfdheÅpgf f×Öd Ìiqf ÅgeÉÖ×ffdge× Ú æ ÕdiÇpÖÅejË ×
Mafia
ÄdÅe ÙêgdË ÅÍq×Ë ×ge h× hjpÅÐ Ù× feÖqheqÖ× Ù× ÙpggÉ×f ×e Ù× e×hjgÅÍq×f Ù× hpËÌÊ
edÇ× Ùq fqÌÌpÖe ×g ÄpgheÅpg Ù× id ÌÖpÌpÖeÅpg Ù ÕdÖeÅhi×f ×ghpÖ× qeÅiÅfÉf Æ hjdÍq× ÅeÉÖdeÅpg Ú
 × Ìiqf k ipÖfÍq Õqg hjdgÇ×Ë ×ge Ù× feÖdeÉÇÅ× ÙpÅe óeÖ× ×õ×heqÉ k i ÕdiÇpÖÅejË × Ö×hpgfeÖqÅe i×f
å k
ëIJìíîìí íì lìïì ðí ñ
'
ïòì




ã f ÕdÌÌqÅ× dqffÅ fqÖ qg× Ö×ÌÖÉf×gedeÅpg È×ÖeÅhdi× Ù×f ÙpggÉ×f k ×e ×ÐÊ
ÌipÅe× Ù×qÐ e×hjgÅÍq×f ÌpqÖ i×f fep hm×Ö ×e hdihqi×Ö i× fqÌÌpÖe Ú ô Ö k i×f Ì ×ÖÄpÖËdgh×f Ù× h×f
e×hjgÅÍq×f ÙÉÌ ×gÙ×ge Ù× id edÅii× Ù×f ÙpggÉ×f Æ eÖdÅe×Ö Ú ØpqÖ h×e diÇpÖÅejË × k i ÕdÙdÌedeÅÈ ÅeÉ
f× eÖdÙqÅe dipÖf ÌdÖ i× hjpÅÐ Ù× id fpiqeÅpg id Ìiqf Ì ×ÖÄpÖËdge× ×g ÄpgheÅpg Ù× id edÅii× Ù×
id ÌÖpß ×heÅpg Ù× id Îdf× Ù× ÙpggÉ×f hpgfÅÙÉÖÉ× Ú
i ×Ð Åfe× ÇipÎdi×Ë ×ge eÖpÅf eêÌ ×f Ù× ËÉejpÙ×f ÌpqÖ Ö×ÌÖÉf×ge×Ö i×f ÙpggÉ×f ×e eÖpqÈ×Ö
i× fqÌÌpÖe Ù×f ËpeÅÄf í
é
i×f ÙpggÉ×f fpge fephmÉ×f jpÖÅipgedi×Ë ×ge k Å Ú× Ú hjdÍq× eÖdgfdheÅpg ×fe fep hmÉ× fpqf
id ÄpÖË × Ù Õqg ×gf×ËÎi× Ù ÕdÖeÅhi×f Ú æ× fqÌÌpÖe Ù Õqg ËpeÅÄ ×fe hpËÌeÉ ×g ÄdÅfdge Ù×f
e×fef Ù ÕÅghiqfÅpg Ùdgf i×f eÖdgfdheÅpgf h
é
i×f ÙpggÉ×f fpge fephmÉ×f È×ÖeÅhdi×Ë ×ge k Å Ú× Ú Æ hjdÍq× dÖeÅhi× ×fe dffphÅÉ× id iÅfe× Ù×f
ÅÙ×geÅèdgef Ù×f eÖdgfdheÅpgf dqÐÍq× ii×f Åi dÌÌdÖeÅ×ge Ú æ× fqÌÌpÖe Ù Õqg ËpeÅÄ ×fe dipÖf
pÎe×gq ×g ÄdÅfdge i ÕÅge×Öf×heÅpg Ù×f iÅfe×f Ù ÕÅÙ×geÅèdgef Ù× eÖdgfdheÅpgf Ù×f dÖeÅhi×f
ÍqÅ i× hpËÌpf×ge h
é
i×f ÙpggÉ×f fpge fephmÉ×f Ùdgf Ù×f feÖqheqÖ×f Ù× eêÌ ×
FP − tree
f×heÅpg Ü Úù Úù Ú
Ø
pqÖ hjdhqg× Ù× h×f dÌÌÖphj×f k Ù×f feÖqheqÖ×f Ù× ÙpggÉ×f Ù ÅõÉÖ×ge×f Ì ×qÈ×ge óeÖ×
qeÅiÅfÉ×f e× ii×f Íq× Ù×f È×he×qÖf Ù× ÎÅef k Ù×f iÅfe×f pq Ù×f dÖÎÖ×f Ú æ× hjpÅÐ Ù× id feÖqheqÖ×
Ù× ÙpggÉ×f d qg ÄpÖe ÅË Ìdhe fqÖ id Ë ÉejpÙ× Ù× hpËÌedÇ× ×e fqÖ f×f Ì ×ÖÄpÖËdgh×f k ×e
ÙÉÌ ×gÙ ×g ÇÖdgÙ× ÌdÖeÅ× Ùq eêÌ × Ù× ÙpggÉ×f ÉeqÙ ÅÉ×f Ú
Ø
dÖ ×Ð×ËÌi× k Ù×f feÖqheqÖ×f Ù×
ÙpggÉ×f e× ii×f Íq× i×f È×he×qÖf Ù× ÎÅef f×Öpge eÖlf ×hdh×f ipÖfÍq× i×f ÙpggÉ×f f×Öpge
Ù×gf×f k Ë dÅf Î ×dqhpqÌ ËpÅgf Ùdgf i× hdf hpgeÖdÅÖ× Ú

g ÌÖdeÅÍq× k id Ö×ÌÖÉf×gedeÅpg È×ÖeÅhdi× ×fe id Ìiqf ×hdh× ÍqdgÙ × ii× ×fe hpËÎÅgÉ× dqÐ
diÇpÖÅejË ×f hpgf×ÖÈdge i×f ÌÖpß ×heÅpgf Ù× id Îdf× Ù× ÙpggÉ×f ÄdÅe×f Æ hjdÍq× ÅeÉÖdeÅpg Ú æ×
ÌÖpÎilË × Ù× h×ee× dÌÌÖphj× ×fe Íq Õ×ii× gÉh×ffÅe× Ìiqf Ù Õ×fÌdh× ËÉËpÅÖ× Ú
Ø













d Ë Åf ×g Ìidh× qg× feÖdeÉÇÅ× dÙdÌedeÅÈ× ÍqÅ die×Ög× h×f Ù Åõ ÉÖ×ge×f dÌÌÖphj×f ×g ÄpgheÅpg Ù×
id ÍqdgeÅeÉ Ù× ËÉËpÅÖ× Ù ÅfÌ pgÅÎi× ×e Ù×f hdÖdheÉÖÅfeÅÍq×f Ù×f ÙpggÉ×f eÖdÅeÉ×f Ú
à
×e diÇpÊ
ÖÅejË × ÄdÅe qg× ×ÐÌipÖdeÅpg ÌdÖ gÅÈ×dq Ù× i Õ×fÌdh× Ù× Ö×hj×Öhj× Ú æ ÕdÌÌÖphj× qeÅiÅfÉ× ÌpqÖ
Ö×ÌÖÉf×ge×Ö i×f ÙpggÉ×f ×e hpËÌe×Ö i× fqÌÌpÖe ÙÉÌ ×gÙ epqe Ù ÕdÎpÖÙ Ù× id edÅii× Ù×f ÙpggÉ×f
×e Ù× i Õ×fÌdh× ËÉËpÅÖ× Ù ÅfÌ pgÅÎi× Ú ë Å id edÅii× Ù×f ÙpggÉ×f ×fe eÖpÌ ÅËÌpÖedge× ÌpqÖ óeÖ× Ö×Ê
ÌÖÉf×geÉ× È×ÖeÅhdi×Ë ×ge k i ÕdiÇpÖÅejË × qeÅiÅf× qg× dÌÌÖphj× jpÖÅipgedi× Ú ç hjdÍq× ÅeÉÖdeÅpg k
i ÕdiÇpÖÅejË × ÖÉÙqÅe id edÅii× Ù×f ÙpggÉ×f Ú
Ø
dÖ hpgfÉÍq×ge k ipÖfÍq Õ× ii×f fpge dff×i Ì ×eÅe×f
ÌpqÖ e×gÅÖ ×g Ë ÉËpÅÖ× k i ÕdiÇpÖÅejË × hjdgÇ× Ù× feÖdeÉÇÅ× k ×e qeÅiÅf× qg× dÌÌÖphj× È×ÖeÅhdi× Ú

gfqÅe× k i ÕdiÇpÖÅejË × dÌÌiÅÍq× Ù ÅõÉÖ×ge×f pÌeÅË ÅfdeÅpgf ×g ÄpgheÅpg Ù× id cÙ×gfÅeÉ c Ù×f
ÙpggÉ×f ÉeqÙ ÅÉ×f Ú
à
×ee× Ù×gfÅeÉ Ë ×fqÖ× id hpÖÖÉideÅpg ×geÖ× i×f iÅfe×f Ù× eÖdgfdheÅpgf ×e i×f
dÖeÅhi×f i×f Ìiqf ÄÖÉÍq×gef Ú

ii× ×fe pÎe×gq× ×g Ö×hj×Öhjdge i× gpËÎÖ× ËdÐ ÅËqË Ù ÕdÖeÅhi×f
Ùpge i ÕÅge×Öf×heÅpg Ù× i×qÖ iÅfe× Ù× eÖdgfdheÅpgf ×fe fÅÇgÅèhdeÅÈ× Ú
Ø





Ù×f eÖdgfdheÅpgf k id Ù×gfÅeÉ f×Öd ÉÇdi× Æ
1/4 × 90% = 0.23
Ú ë Å
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hpgfÅÙÉÖÉ× hpËË × Ù×gf× Ú
ìpepgf Íq× i×f dfÌ ×hef dÙdÌeÅÄf fpge eÖlf ÙÉÈ× ipÌÌ Éf Ùdgf h×e diÇpÖÅejË × Ú g ÇÉgÉÖdi k
qg× f×qi× Ö×ÌÖÉf×gedeÅpg Ù×f ÙpggÉ×f ×fe hpgfÅÙÉÖÉ× k f×qi×f i×f feÖqheqÖ×f Ù× ÙpggÉ×f ×e













ã qeÅiÅf×ge epqß pqÖf qg× Ö×ÌÖÉf×gedeÅpg È×ÖeÅhdi× Ù× id Îdf× Ù× ÙpggÉ×f k
Ë dÅf dÙdÌe×ge ÙêgdË ÅÍq×Ë ×ge i×qÖf e×hjgÅÍq×f Ù× hpËÌedÇ× Ùq fqÌÌpÖe ×e Ù× fep hmdÇ× Ù×f





ã ÍqÅ ×fe qg diÇpÖÅejË × Ùq eêÌ × c
FP − growth
ck
dÙdÌe× qgÅÍq×Ë ×ge i×f feÖqheqÖ×f Ù× ÙpggÉ×f qeÅiÅfÉ×f ÌpqÖ Ö×ÌÖÉf×ge×Ö i×
FP − tree
f×heÅpg Ü Úù Úù Ú g ×õ ×e k i×f Ì ×ÖÄpÖËdgh×f Ù× h× eêÌ × Ù ÕdiÇpÖÅejË × ÙÉÌ ×gÙ×ge ×g ÇÖdgÙ×
ÌdÖeÅ× Ùq hp÷e Ù× hpgfeÖqheÅpg ×e Ù× ÌdÖhpqÖf Ù× hjdhqg Ù×f
FP − tree
hpgfeÖqÅe ipÖf
Ùq ÌdÖhpqÖf ×g ÌÖpÄpgÙ×qÖ Ú
Afopt
ÙÉe×ÖËÅg× id Ö×ÌÖÉf×gedeÅpg Æ qeÅiÅf×Ö ×g ÄpgheÅpg Ùq
gpËÎÖ× Ù ÕdÖeÅhi×f ÄÖÉÍq×gef hpgfÅÙÉÖÉf Ùdgf i×
FP − tree
k Ù× i×qÖ fqÌÌpÖe Ëpê×g ×e Ùq
f×qÅi Ë ÅgÅËqË Ù× fqÌÌpÖe Ú
jpqe×ÄpÅf k i×f dfÌ ×hef dÙdÌedeÅÄf Ë Åf ×g Ìidh× fpge Äp hdiÅfÉf fqÖ id Ç×feÅpg Ù×f ÙpgÊ
gÉ×f k Å Ú× Ú eÖpqÈ×Ö id Ö×ÌÖÉf×gedeÅpg ×eqpq id e×hjgÅÍq× Ù× hpËÌedÇ× id Ìiqf dÌÌÖpÌÖÅÉ× dqÐ
ÙpggÉ×f ×g hpqÖf Ù× eÖdÅe×Ë ×ge Ú ô Ö k h×f feÖdeÉÇÅ×f dÙdÌedeÅÈ×f Ù× Ç×feÅpg Ù×f ÙpggÉ×f g×
fq f×ge Ìdf Ú æ×f ÖÉfqiedef pÎe×gqf ipÖf Ù×f de×iÅ×Öf Pö  pge hpgè ÖËÉ h× id k hdÖ dqhqg× Ù×f
ÅËÌiÉË ×gedeÅpgf g ÕÉedÅe id Ë × Åii×qÖ× ÌpqÖ epqf i×f ß ×qÐ Ù× ÙpggÉ×f Ë diÇÖÉ h×f feÖdeÉÇÅ×f
dÙdÌedeÅÈ×f Ú Pdh× Æ h× ÌÖpÎilË × k i× ÙÉÈ× ipÌÌ ×Ë ×ge Ù× feÖdeÉÇÅ×f dÙdÌedge ÙêgdË ÅÍq×Ê
Ë ×ge i×qÖ ÌdÖhpqÖf Ù× i Õ×fÌdh× Ù× Ö×hj×Öhj× ×g ÄpgheÅpg Ù×f ÙpggÉ×f ×fe qg× die×ÖgdeÅÈ×
ÅgeÉÖ×ffdge× Ú
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Ý pge ËpgeÖÉ Íq× i×f pÎf×ÖÈdeÅpgf
Åffq×f Ù× i ÕÉeqÙ× Ù×f ß ×qÐ Ù× ÙpggÉ×f ÌpqÈdÅ×ge óeÖ× dqffÅ qeÅi×f Ùdgf Î ×dqhpqÌ Ù ÕdqeÖ×f
ÙpËdÅg×f k Ù× id ÌÖÉÙ ÅheÅpg Ù× Ì ×ÖÄpÖËdgh× k id ÙÉe×ÖËÅgdeÅpg Ùq f×qÅi Ë ÅgÅËqË Ù× fqÌÌpÖe k





Ý k id Ù ÅfeÖÅÎqeÅpg Ù× id ÎpÖÙqÖ× ÌpfÅeÅÈ× ×fe hpgfÅÙÉÖÉ× hpËË × qg
ÉiÉË ×ge hiÉ ÌpqÖ hdÖdheÉÖÅf×Ö i×f Îdf×f Ù× ÙpggÉ×f Ù× eÖdgfdheÅpgf Ú æ×f dqe×qÖf pge ÌÖpqÈÉ
Íq× epqe×f i×f Ù ÅfeÖÅÎqeÅpgf fpge ÌpffÅÎ i×f k ×e Ì ×qÈ×ge óeÖ× Ö×ghpgeÖÉ×f ×g ÌÖdeÅÍq× Ú  ×
Ìiqf k Åif ÌÖpÌpf×ge qg× ËÉejpÙ× ÌpqÖ ÇÉgÉÖ×Ö Ù×f Îdf×f Ù× ÙpggÉ×f fêgejÉeÅÍq×f Æ ÌdÖeÅÖ
Ù Õqg× Ù ÅfeÖÅÎqeÅpg Ù× ÎpÖÙqÖ× ÌpfÅeÅÈ× ×g ×geÖÉ× Ú







Ü  d ÌÖpÌpfÉ qg× Ë ×fqÖ× ÌpqÖ
hdÖdheÉÖÅf×Ö id Ù×gfÅeÉ Ù×f ß ×qÐ Ù× ÙpggÉ×f Ú
Ø
iqf hpghÖle×Ë ×ge k Åif hpgfÅÙlÖ×ge id Îdf× Ù×
ÙpggÉ×f Ù× eÖdgfdheÅpgf hpËË × qg× fpqÖh× Ù ÕÅgÄpÖËdeÅpg ×e Ë ×fqÖ× i Õ×geÖpÌÅ× Ùq fÅÇgdi k
Å Ú× Ú id ÍqdgeÅeÉ Ù ÕÅgÄpÖËdeÅpg ÌÖpÙqÅe× ÌdÖ h×ee× fpqÖh× Ú æ×f dqe×qÖf pge dqffÅ Ë pgeÖÉ hpËÊ




ëIJìíîìí íì lìïì ðí ñ
'
ïòì
×Ð ×ËÌi× k h×ee× Ë ×fqÖ× Ì ×qe óeÖ× qeÅiÅfÉ× ÌpqÖ ÌÖÉÙ ÅÖ× i× gpËÎÖ× Ù× ËpeÅÄf ÄÖÉÍq×gef Æ qg
f×qÅi Ë ÅgÅËqË Ù× fqÌÌpÖe ÙpggÉ k h× ÍqÅ Ì ×ÖË ×e Ù Õ×feÅË ×Ö i× e×ËÌf Ù Õ×ÐÉhqeÅpg Ù×f diÇpÊ
ÖÅejË ×f Æ Ù× Ì ×eÅef f×qÅif Ù× fqÌÌpÖe fdgf dÈpÅÖ Æ i×f ×ÐÉhqe×Ö Ú ii× Ì ×qe dqffÅ óeÖ× qeÅiÅfÉ×
ÌpqÖ ×feÅË ×Ö fÅ qg ÉhjdgeÅiipg Ù Õqg ß ×q Ù× ÙpggÉ×f hpgeÅ×ge id Ë óË × ÍqdgeÅeÉ Ù ÕÅgÄpÖËdÊ
eÅpgf Íq× i× ß ×q Ù× ÙpggÉ×f Åg ÅeÅdi Ú ë Å h Õ×fe i× hdf k i ÕÉhjdgeÅiipg ÌpqÖÖd óeÖ× qeÅiÅfÉ ÌdÖ qg
diÇpÖÅejË × Æ id Ìidh× Ùq ß ×q Ù× ÙpggÉ×f Åg ÅeÅdi k ×e Ì ×ÖË ×eeÖd Ù ÕpÎe×gÅÖ qg× dÌÌÖpÐ ÅË deÅpg
Ùq ÖÉfqiede Ú
à
×Ì ×gÙdge k h×f eÖdÈdqÐ f× Äp hdiÅf×ge ÌÖÅghÅÌdi×Ë ×ge fqÖ id ÎpÖÙqÖ× ÌpfÅeÅÈ× Ú ô Ö k hpËË ×
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qfÍq Æ ÌÉfge k id hddheÉÅfdeÅpg  qg ß q  pggÉf ÉedÅe ÄdÅe Æ ÌdeÅ f hddhÊ
eÉÅfeÅÍqf f edgfdheÅpgf e ÌdÄpÅf  id  ÅfeÅÎqeÅpg  id Îpq ÌpfÅeÅÈ  pËË 
gpqf Ègpgf  i ÈpÅ k hf hÅelf fpge gÉhffdÅf Ë dÅf g Ì Ë eege Ìdf epqß pqf 
ÎÅg hddheÉÅf i eêÌ   ß qÐ  pggÉf Éeq ÅÉf Ìd if diÇpÅejË f 
dgf hee ÌdeÅ k gpqf diipgf ÌÉfge qg Éeq ÐÌÉÅË gedi ÌpqffÉ f ß qÐ
 pggÉf  Pö   æd gpqÈdqeÉ ÉfÅ dgf i Éeq  id Îpq gÉÇdeÅÈ ÍqÅ k g
hpËÌiÉË ge  id Îpq ÌpfÅeÅÈ k Ì Ë e  dÈpÅ qg hddheÉÅfdeÅpg Ìiqf èg f ß qÐ
 pggÉf  pqf ÌÉfgepgf dqffÅ hpËË ge hee hddheÉÅfeÅÍq Ì Ë e  ÐÌiÅÍq
g Çdg ÌdeÅ if Ì ÄpËdghf f diÇpÅejË f k e hpËË ge  ii Ì Ë e  pÎegÅ qg
gpqÈii hidffÅèhdeÅpg f ß qÐ  pggÉf 
ç gpe hpggdÅffdgh k hee Éeq fe id ÌË Ål Æ f ÅgeÉff Æ id hpËÌÉjgfÅpg f
ß qÐ  pggÉf Ìpq if ËpeÅÄf ÄÉÍqgef g qeÅiÅfdge iq Îpq gÉÇdeÅÈ 
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ÜåÞå Ýåûâ âþ Üß âäÞÛû
æf ÐÌÉÅË gedeÅpgf pge ÉeÉ õheqÉf fq if Íqdepi ß qÐ  pggÉf ÌÉfgedeÅÄf
qeÅiÅfÉf ipf f de iÅf Pö   p Î   jdÍq ß q  pggÉf d ÉeÉ Éeq ÅÉ Ìpq ÌiqfÅqf
fqÅif Ë ÅgÅËqËf  fqÌÌpe k  fqÅif elf ÉiÈÉf Æ f fqÅif elf Ì eÅef  pq  ¡Í¢
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F FClosed FGen FEss F FGen FEss
º»¼¸
Bd− Bd+ Bd− Bd+ Bd− Bd+
½ ¾¿ ÀÁ ¾¿ ¾¿ À¾ À¾ ½ À¾ ½
À ÂÃÄ ÅÅÂ ÂÀÂ ÂÀÂ ÅÀÃ ÅÃÁ À ÅÃÁ ½ÆÃ
Å Ã¿ÆÃ À¾ÄÂ ÁÄÀÂ ÆÀÆ¿ ÃÀÂ ½ ÃÂÂ ÅÆ ÆÅÁÄ Â¾Å
Æ ¾Ã¾ÂÃ ½ÅÀÀ ½ ÆÆ¿ÃÄ ÄÀÂÅ ÅÅÁ½ Ã ÅÆÆ¿ ÀÄÂ Â¾ ½Ã Å ½ÁÂ
¾ ÀÁÅ¿ÄÃ ÆÃ¿¿À ½Á¿ ½Ä ½ ½ÄÅ¾ ½¿ ½½Â ÂÃ ½¿ ½ÁÂ ½ÅÆÅ ½ÁÄÆ ½½ÂÄ
Ä Ã¿ÁÂ¿¿ ½ÅÁ¾ÄÆ Æ¾ÄÂÀÄ ½½Ä À ½Æ¿¾ ÆÅÃ À ½Æ ½Ä ÆÂÁÄ ÅÄ ½¿Ã
Á ÀÀ¾¾ ½¾Ã Å¿ÅÄÄ ½ ÂÁ¾ÃÅÂ ½ ÅÅÁ½½ ½ÅÄÃ ÅÅÁÀ¿ ½½ÃÄÅ ½
Â ÆÀÁÄÂ¾À ¾Æ¿ÂÄ ½ ½À ½Ä¾¿ ½ ÅÃÃ ½¿ ÅÄÂÄ ÅÃÃ ½¿ ÀÀ¾À ½
Ã ÄÀÃ ½ÂÆÂ ÁÂÁ½ÆÅ ½ÀÅ ½½ÄÀ ÅÅÂÃ¿ ÂÀ¿¿ ÅÅÂÃ¿ Å ½½ÅÁ
½¿ ÁÀÄÅÅ ½À ÃÆ¿¾¿Æ Ã¿ÅÃÃÄ À ½ÂÃÆ ½ÆÂ¿Æ À ½ÂÃÆ ÅÀÀÆÅ
½½ ÄÄÀÄÂ¿ ½ ÃÀÅÅ ½¿ ÆÁÆÄ ½Â ½¿ ½Ä¿ À ½½ÂÅ ½¿ ½Ä¿ À¾ÆÃ ½
½À ÆÁÃ¿ÂÀÁ ÁÆ¿ÁÁÅ ½ÁÀÄÂÂ Å¾¿Á ÀÆÄÅÂ Å¾¿Á ½¾ÅÀÄ
½Å ÀÁÅÂ¿ÂÃ ÆÂ ½ÆÃÃ Æ ½½ÂÄ ÁÃ ½ ÀÅÁÄÄ ÁÃ ½ ÄÆ¿Å
½Æ ½ÀÀÁÁ¿À À¾¿Á½¾ ¾ÁÂÁ ½½Æ ½Â¿ÂÂ ½½Æ ½Ã¾ ½
½¾ ÆÀ¾ÂÃÄ ½¿ÀÃÁÁ ÅÄ¿ Â ½¿ÃÅÆ Â Å ½Æ
½Ä ½½½ÁÀÄ ÅÀÂÁ¾ Å ¾¿Â¾ Å
½Á À ½ÅÀÂ ÁÃ¿Â ½ÁÅÆ
½Â ÀÁ¾Á ½ÅÁ¿ ÆÃÄ
½Ã À¿Ä ½Æ¾ ÃÁ
À¿ Ä Ä Ä
·Ç·ÈÉ ÅÁÀÂÀÃÄÀ ¾Å ½ÄÆÄÁ ¾Ä¿ ½ÂÀÂ ½Å ½¾Å ½Â¿ ½Ä ½ ½ÅÆÄÀÆ ½Â¿ÆÅÂ ½¾ÅÂÁÄ ½¾ ½½Á ¾ÆÁÁ
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 ¥ Å   ¤
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£
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Mushroom minsup 0.1% (9)
Bd-(F)
Bd+(F)
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Ä¡ ÅÎ ¤  Å
£
§¡¨ ¨§ ¤¡ Î¦¢ ¨ÉÇ¡§ÅÈ § ¤¡ Î¦¢ Ì¦
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 Ë ¦§ ÅÄ
£
 Ì §Å§ §¡ Å¤¤ 
























èÇ¢ ± ¬ Ì¦¢ ¤
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Pumsb* minsup 10% (4905)
Bd-(FGen)
Bd+(FGen)








































¥  §êÌ   ¦¢Î 
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ËÎ ¤ ¦¨ Å¨ÉÌ ¨¡¨§ ¢ ÌÉ Å¡§ ¡¨§ÅÊ
Ë ¦¨¦§¦¨ ¦¨
£
ÅÉÉ  ª Ì ¤¢
£
¥ ¤¡  Å
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Ë ¡ Å¨§¨¡¨§ ¤¡ È¡Å¡§Å¦¨ ¢
£
¢ Å¤ Ë Å¨ ÅË¢Ë 
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Pumsb* minsup 10% (4905)
Bd-(FEss)
Bd+(FEss)
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£
¢ Å¤ Ë Å¨ ÅË¢Ë 
£
¢ÌÌ¦§  ¡



















¥ § §¦¢ß ¦¢
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Ä¡ ÅÎ ¤ Ì¦¢
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Í¢ ¨ ¡ÌÌ¡¨ ¤¡  Å
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§ÅÎ¢§ Å¦¨ ÉÈ¦¤¢ §Ü
£
ÉÇ¢¤ÅÜË ¨§  æ¡  Å
£
§ÅÎ¢§ Å¦¨








§ Å§¢É  ¢Ð cÌÅ
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£ £
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Ì¡ ¡ÌÌ¦§ ¡¢Ð ¡¢§
£

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 ¦¨¨§ ¢¨ ÅÍ¢Ë ¨§
£
¢ ¤ ÐÊ
Ì ¤¦¡§ Å¦¨  ¤ 
£
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Mushroom minsup 2.5% (200)
Bd-(F)
Bd+(F)
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Ë ¡Ð ÅË ¡¢Ð É¦¢È§
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Ì¡     õ §¢É Ì¡
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 ¤¡ Î¦¢ Ì¦
£
Å§ ÅÈ § ¢Ð
 ¤¡ Î¦¢ ¨ÉÇ¡§ ÅÈ
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Ì¡      ¡ ÐËÌ ¤ ¥ Ì¦¢
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èÇ¢ ± ± ¥ ¤¡ É¦¢È§ 
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¨¦¨
£
Ì¡ ÐËÌ ¤ ¥ ¤ ¡
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 ¤¡ Î¦¢ ¨ÉÇ¡§ÅÈ
£
¦¨§ ¢¨ ¨ ÅÈ¡¢ ¡ÌÜ
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¢Ð  ¤¡ Î¦Ê
¢ Ì¦
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Ì¡     õ §¢É Ì¡
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èÇ¢ ± ±  Û¨ õ§ ¥
¤¦
£
Í¢ ¤¡ Î¦¢ ¨ÉÇ¡§ÅÈ 
£
§ É¦¢È§ ¥ ¤ 
£










É ¥ § ¤¡ Î¦¢ Ì¦
£
Å§ÅÈ Ì ¢§ § É¦ÅÍ¢Ë ¨§ ó§ É¢ Å§  Å§Ë ¨§  ¡ÌÜ
£
¤ § É¦ÜË  ù Å¨§¦¢ Å§ ¨
£
§ Å¦¨ ¬  ¡ ¦¨
£
ÉÍ¢¨§ ¥ Ì ¤¢
£
¤¡ Î¦¢ ¨ÉÇ¡§ ÅÈ 
£
§ ÉÊ
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 ¢¨ ËóË  ¤¡
££
  ÉÍ¢ ÅÈ¡¤¨ ¥ Ë ¡Å
£
¢¨ ÅÍ¢Ë ¨§ ¤¢ ÄËÉ  ¨§¢ Å§ÅÈË ¨§ ¥ ¤ ¡¤Ç¦Å§ Ë 
£
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Mushroom minsup 0.1% (9)
Bd-(F)
Bd+(F)
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£



























Ì¡      
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Accidents,Webdocs Mushroom BMS −WebV iew2, BMS − Pos,
Kosarak, retail, T40I10D100K
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WUKV H H H H H H H H H H H H H H H H H H H H H H H H H H mY
3 4p q 8=:r==8C9 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 j3
s tuvwxv yz { |}w~yz yz  z~ yz y}z zzw~}z  ~ u{{ tv}zwzv yu z u
txwvz ~ u{vxwŁ z uyutwuwx t ~v {u y}~zvwz yz vy~vz yz Łwx v}~zw  zw
u{vxwŁ z  uttz{}
ABS Adaptive Borders Search 

 zw y}vx} yz { |u{vxwŁ z
ZigZag 

y}z{tt} u~ zx yz { |}~xt z t~v {u y}~zvwz yz   uwxuxwz yu
~z uz yz y}z 
   ¡¢
£




zw ~z uttvz °vxyz ~x uz yz wvuw}xz u~ ~v yz { |zt{vuwx yz
{ |ztuz yz vzzvz  { zzw~z yu ~ tvzŁ xzv wzŁt ~ tuv~v tuv xzu~  t~x
±²
³´µ ¶ ·¸ ¹ º»¼½¾¿ÀÁ ¹Â¹Ã¾¹¾ Ä ÂÁ ÂÅÆ¼·ÇÁ ½¾Á ÂÁ È¼½Â·½Á ÂÁ À¼¾ Ä Ä ½Å·Á¸¾
u{wzvz yz u~w ~ y~u{xuwx zwvz {z yz~ vy~vz  z uzŁ zw yz wvuw}xz z
uxw y°uŁ x~zŁ zw z wx yz y}z 


















t~v zt{vzv tuv xzu~ { |ztuz yz vzzvz  yz Łwx {z t{~ t zwxw u~
t{~ vuy   ~~ |Ù ~ xzu~
k Ý
} y°uŁ x~zŁzw Ù tuvwxv yz y}z  zwwz uttvz












 uwz~v  ~wx
Ý
z tvxxtu{zŁ zw z y}~w yz tuv~v yz { |ztuz yz vzzvz  ß
tvuwx~z  {z Łvz yz Łwx  v}~zw yz t zwxwz wux{{z t z~w àwvz wvØ }{z} 

uv




t z~w uxv tvØ yz yx Ł x{{x yz
Łwx  v}~zw Ł xxŁu~ yz wux{{z x}vxz~vz Ù wvx  u z u  ~z uttvz tuv
xzu~ tzvŁ zw y y |}{u~zv wvØ vutxyzŁ zw ~z vuyz tuvwxz yz { |ztuz yz vzzvz 











~ |~z uttvz tuv xzu~ }wuxw wvØ zå uz {v~z {z Łwx v}~zw }wuxzw yz t zwxwz
wux{{z 
×






}u{uxzw Ł àŁz {z
Ł zx{{z~vz xŁ t{}Ł zwuwx ~v z w°t z yz  z~ yz y}z 
æ
wvz  zwx zw y y |zt{xwzv { |zå uxw} y |
Apriori
 zw yz uzv yz wvuw}xz
{v~z z{~xx zw Ł x z yxå ~{w}  ß~xwz  {u uxuz y}~zvwz {v yz z tuv~v

























z x { |uttvz tuv xzu~ wtt}z  { |u{vxwŁ z uz yz wvuw}xz  zw zzw~z
yz ìu~w ì yu { |ztuz yz vzzvz  z u~w  |utt~xzw ~v {z xvŁ uwx y} Ù
~z t~v zwxŁ zv {u vy~vz txwxz 

{~ tv}x}Ł zw  {z Ł wx wz~ tuv z
u~w w {z t{~ vuy Łwx  xu{xy} tuv ~ Łwx  v}~zw y} Ù y}~zvw 





z v}~{wuw zw y}
Ý
xwx ~xuw w x~ yz wvuu~ tv}u{u{zŁ zw zzw~} u~





{ öztuz yz vzzvz yz
Łwx v}~zw zw ~tt ~ ö~z tuvwxz
E





½¸Æ 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 ÂÁ ºú¹ º»¼½¾¿ÀÁ
{ özzŁ{z yz Łwx  v}~zw yz z ~zzŁ{z  s tuvwxv yz zw zzŁ{z
NF

 t z~w y}
Ý
xv tuv uwxŁwxz yz~ w°tz yz Łwx yu
P(R) û
ü















Fopt(NF ) = {X ∈ P(R)| 6 ∃Y ∈ NF, Y ⊆ X}
×
u vy~vz txwxz yz
Fopt(NF )









uttuvwxzw Ù {u vy~vz txwxz
twxŁ xwz  	 x{ z xwz ~ Łwx
Y
yz {u vy~vz txwxz twxŁ xwz wz{ ~z
X ⊂ Y
 x z 
∀X ∈ Bd+(F )

∃Y ∈ Bd+(Fopt(NF ))
wz{ ~z
X ⊆ Y
s tuvwxv y~ w}vØŁ z 
 zwx






Bd+(Fopt(NF )) = Tr(Fopt(NF ))
uz
Tr(Fopt(NF )) = {R\Z  Z ∈ Tr(Fopt(NF ))}






X ∈ Bd+(Fopt(NF ))

X ∈ F ⇒ X ∈ Bd+(F )
×
u vy~vz txwxz twxŁ xwz z uz tu x { ö vzwvzxw { özzŁ{z
NF
Ù z
Ł wx {z t{~ t zwxw  t~x~z {z wvuzvu~ Ł xxŁu~ y ö~ °tzvvutz w {z Ł àŁ z
~z z~ yz { ö°tzvvutz xŁt{z ux} 

uv }~zw  u~z u~w yu { öztuz yz
vzzvz ~ ìy~u{xuwx ì zw ~ u{~{ yz {u vy~vz txwxz twxŁ xwz ux}z u~
Łwx  v}~zw y}~zvw zw uttuvwzuw Ù {u vy~vz }uwxz 










uv }~zw  Ù u~z xw}vuwx {z ~zu~ Łwx  v}~zw
wv~} tuv { öu{vxwŁ z w t zvŁ zwwvz y öuŁ }{xvzv {u vy~vz txwxz twxŁ xwz  zw yz




v~z {u vy~vz }uwxz zw
y}~zvwz  {u y~u{xuwx }Øvz {u vy~vz txwxz
Ý














zw { özwvuwx yz  {z t{~ t }xu{x}z  ~z tvtvx}w}
t zvŁ zwwuxw yz  ~wx
Ý
zv { öuttvz twxŁ xwz


 s wvz uxuz  {z Łwx v}
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Łwvz ~ özt }vxŁ zwu{zŁ zw  {u tvux{xw} ~ öu ~ Łwx yz wux{{z $ y öàwvz v}~zw u
uw ~z w~ z ~zzŁ{z yz wux{{z
k − 1
w v}~zw  v%w }}vu{zŁ zw uz
k
 ŁŁz {z Ł wvz {u
Ý


































































































vux{xw} y ö~ Łwx yz wux{{z $ y öàwvz v}~zw uuw ~z w~ z ~
zzŁ{z w v}~zw
zwwz tvux{xw}  w}z
p(X ∈ Fk | ∀Y ⊂ X,Y ∈ F )
 u }w} wz~z Ù tuvwxv yz
v}~{wuw yz zt }vxŁ zwuwx tv}zw} yu {u tuvwxz tv}}yzwz  zwwz Ł z~vz u }w}
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|X| = k 3 Fk 4 5
6  ý
4
























vvzty u~ Łvz yz Ł wx yz wux{{z
k
yz { öztuz yz
vzzvz u°uw w~ {z~v ~zzŁ{z v}~zw 
æ
w ~z  özw u~x {z Łvz yz
Ł wx uyxyuw
Ck





ŁŁz {z Ł wvz {u
Ý
~vz & Ü zwwz Ł z~vz u~Ł zwz tvvzxzŁ zw uz {u wux{{z
yz Łwx  zwwz vzŁ uv~z zw vuxz t~v { özzŁ{z yz  z~ yz y}z }w~yx}  s~wvz




w v}~zw  u{v
X
u t{~




uv }~zw  {u tvtvwx yz Łwx
v}~zw }}v} tuv ~ u{vxwŁ z wz{ ~ ö
Apriori
u~vu wzyuz Ù yzzxv yz t{~ z
t{~ xŁtvwuwz u~ ~v yz xw}vuwx 
×
öu{vxwŁz }{u~zvu y yz Łx z Łx
{ öztuz yz vzzvz 

uv zzŁt{z  t~v
Connect








 {z Ł wx }}v} tuv
Apriori












y~ t{~ vuy Łwx v}~zw

 z ~x z wvuy~xw t~v zw zzŁt{z tuv t{~ y ö~ Ł x{{xuvy
yz Łwx Ù wzwzv ? z v}~{wuw  ~wx
Ý
z uxx { öxw}vàw yz uxvz yz u~w yu { öztuz yz

















stvØ ~z uttvz tuv xzu~  { öu{vxwŁ z u{wzvz yz u~w ~ y~u{xuwx zwvz
{z yz~ vy~vz z wv~wx  ŁŁz ~ z yz {z xv  {z y~u{xuwx yz {u
vy~vz }uwxz Ù {u vy~vz t xwxz t zvŁ zwwzw yz }}vzv {z t{~ vuy Ł wx 
xu{xy} tuv ~ Łwx yz {u vy~vz }uwxz y} Ù y}~zvw 
×
z Ł wx wz~ zvw
xw v}~zw zw uttuvwxzyvw Ù {u vy~vz txwxz
Ý
u{z  xw x{ zvw  v}~zw
zw yu z u { öu{vxwŁ z yzvu vvxzv { özvvz~v uxwz 

~v vvxzv zwwz zvvz~v 
ABS
 öutt~xz ~v {z w}vØŁ z Ü zwx










t~v zwxŁ zv {u vy~vz }uwxz
z wx yz {u vy~vz txwxz z ~v  w~xwxzŁ zw  {z Łwx uyxyuw }}v} z
vw {z t{~ t zwxw Łwx  x{~ yu ~ Łwx yz {u vy~vz txwxz 
×
z ~zu~
Łwx yz {u vy~vz }uwxz uxx y}~zvw zvw ~wx{x} t~v vvxzv {u vy~vz





























w wz~ Ù tuvwxv yz Ł wx yz
Bd−i
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s {öxw}vuwx
i+ 1
 {z Łwx uyxyuw }}v} t~v vvxzv {z Łwx  v}~zw








i )− C≤ i
z {u ŁàŁz ŁuxØvz ~z t~v {u y~u{xuwx yz {u vy~vz }uwxz zv {u  vy~vz















X 6∈ F ⇒ X ∈ Bd−(F )
×
u yx}vzz Ł u z~vz uz ~z Ł }wyz tuv xzu~ ~ z tvyz~v zw ~z {z Ł wx





{u wux{{z yz Łwx yz { öxw}vuwx tv}}yzwz 
×
özzŁt{z ~xuw x{{~wvz z{u 

















r = {ABCHI,ABDGI,ABGHI, ACDFI,ACFHI,ADFGI,AFGHI,BCDEI,
BCEHI,BDEGI,BEGHI, CDEFI,CEFHI,DEFGI,EFGHI,ABCD}
J
þß 6  
4

















Bd−(F ) = {AE,BF,CG,DH,ABCDI}
Bd+(F ) = {ABCHI,BCEHI,ABDGI, BDEGI,ABGHI,BEGHI,ACDFI,CDEFI,
ACFHI,CEFHI,ADFGI, DEFGI,AFGHI,EFGHI,BCDEI,ABCD}
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Ú~xwz Ù zw zzŁt{z  ~ ~t zw { öu{vxwŁ z








z~v wvuw}xz zw tvz yz {u Vwvz w~w z }wuw zwxØvzŁ zw zŁtxvx~z 
±W
ø XY ù
½Z¸Æ ZÃÁ[ ÂÁ ºú¹ º»¼½Z¾¿ÀÁ
wuŁŁzw {v yz {u }}vuwx yz Łwx uyxyuw 
×
z Ł wx uyxyuw yz
Pincer −
Search









zw u{vxwŁ z uvvàwz  zt{vuwx {v~ öx{  ö° u t{~ yz Łwx uyxyuw }}v} 
zvwux Ł wx t z~zw àwvz Ł u~}  Ú~v { özzŁt{z

 utvØ {z xzu~ 
 u~~ Łwx
uyxyuw  özw }}v}  zw tuv }~zw {z Ł wx v}~zw Ł u xŁ u{
ABCD
zŁ{z z













_ﬁ ïñ õ `î  ðó ﬃ!ñ  îð ﬁañî ñﬀ  ðñô ﬁbðñ ïîõﬁîﬀﬁó
×
ö~ yz ut zw uyutwuwx {z t{~ xŁtvwuw zw yz y}wzvŁ xzv Ù ~z{ xzu~ { öut
tvz tuv xzu~ yxw àwvz uvvàw}z  zw y Ù ~z{ Ł Ł zw {z u~w yxzw y}~wzv 
×
ö zwx zw y özwxŁ zv  öx{ zw xw}vzuw yz y~u{xzv {u vy~vz }uwxz z ~v t~v




} ~uwvz tuvuŁ Øwvz t }x
Ý
~z y ö~z xw}vuwx yz { öuttvz tuv





ü |Bd−≤ i(F )|
 {z Łvz yz Ł wx yz {u vy~vz }uwxz yz wux{{z x}vxz~vz ~ }u{z
Ù
i
zw ~x w y} Ù }w} y}~zvw
d
ü |Fi|
 {z Łvz yz Łwx v}~zw y}~zvw u~ xzu~
i d
ü |Ci|
 {z Łvz yz Ł wx uyxyuw }}v} u~ xzu~
i

"~w y öuvy  u~~ u~w  özw u~wvx} uuw ~ zvwux xzu~  ß zzw  { öuttvz
tuv xzu~ zw wvØ zå uz z tvuwx~z t~v zt{vzv {z tvzŁ xzv xzu~ yz { öztuz
yz vzzvz  u  zt}vxŁ zwuwx  y~u{xzv uuw {z xzu~ ~uwvz tuv zzŁt{z







uv wv~wx  {z Łwx uyxyuw }}v}
tuv
Apriori
w xw yz Ł wx v}~zw  xw yz Ł wx  v}~zw Ł xxŁu~  x z 







vztv}zwz y {u tvtvwx yz Łwx v}~zw
}}v}  ~ ŁŁz ~ { öu xwvy~xw tv}}yzŁŁzw {u tvux{xw} ~ öu ~ Łwx yz
wux{{z
i
y öàwvz v}~zw uuw ~z w~ z ~zzŁ{z {z w 

v ŁŁz ~ { öu
wuw}  zwwz tvux{xw} wzy Ù àwvz wvxwzŁ zw vxuwz yu ~z vuyz tuvwxz yz
u  Ú~tt ~ öÙ ~ xzu~ y} zwwz tvux{xw} xw tvz yz ~ 

uv }~zw 
{ öztuz yz vzzvz vzwuw Ù }w~yxzv zvu tvxxtu{zŁ zw Łt} yz Ł wx v}~zw 
z w°tz yz 
Ý
~vuwx  özw tu uvu{z Ù ~z uttvz tuv xzu~ wz{{z ~ ö
Apriori

yw { özå uxw} v}xyz tvxxtu{zŁ zw yu { özt{xwuwx yz Ł wx  v}~zw Ł xx
Ł u~ t~v }{u~zv { öztuz yz vzzvz  s { ött}  {z wvuw}xz yz u~w w  zu~~t
t{~ zå uz 
×
z zt }vxŁ zwuwx tv}zw}z yu {z utxwvz á w Ł wv} z{u {v~z
{u yxwuz zwvz {z yz~ vy~vz }wuxw xŁ tvwuwz  u z u x{ zw tx {z  z ~wx{x
uw {u tvtvx}w} y öuwxŁwxz y~ tv}yxuw  yz y}y~xvz {u vy~vz txwxz yz Łwx
±±





zw tvz yz ~  x{ zw y tv}}vu{z yz wttzv { öuttvz
tuv xzu~ zw y özzw~zv {u tuz yz y~u{xuwx 
fñ gðîï ôóﬀﬁò h ðñiñ òðjiñﬀ h
xy}v Ł uxwzuw {z Łwx wz~ tuv ~z y~u{xuwx Ù tuvwxv yz {u  vy~vz
}uwxz z wv~wx  Úxw
X





zw  v}~zw  u z yzvxzv u  ~ tvt y özwxŁ zv { özvvz~v uxwz tuv {z
u~w u
Ý
 yz xxv {u wvuw}xz {u t{~ uyutw}z t~v {u vvxzv 
ß zzw  x ~ Łwx zw  v}~zw Ł ux ìtvz ì yz {u vy~vz txwxz
Ý
u{z  ~
tuv~v yz { öztuz yz vzzvz yz Łwx {z t{~ vuy u~ t{~ t zwxw zvu tuvwx~
{xØvzŁ zw uyutw}  u {z u wvuxvz  x {z Łwx zw ì}{x} ì yz {u vy~vz txwxz  x{
zvu t{~ xw}vzuw y ö}w~yxzv {z Ł wx ìtuv {z u ì x z yz t{~ t zwxw u~ t{~ vuy 
u
Ý
 yz y}~vxv yz ~zu~ Łwx yz {u vy~vz }uwxz zw yz vvxzv {z u~w 

~v zwxŁ zv {u yxwuz zwvz ~ Łwx  v}~zw zw {u vy~vz txwxz  { öu{




} tuv { ö~wx{xuwz~v zw ~ z~x{
Ł xxŁ~Ł yz ~ttvw
minsup




 t z~w àwvz y}
Ý










zwwz Ł z~vz vzlØwz {u yx}vzz zwvz {z ~ttvw yz
X
zw {z z~x{ Ł xxŁ~Ł yz ~ttvw 

{~ {z ~ttvw y ö~ Łwx zw tvz y~ z~x{ Ł xxŁ~Ł yz ~ttvw  t {~ {u Ł z~vz y özvvz~v
wzy zv m}v 
s tuvwxv yz zwwz Ł z~vz  yz~ ~u yxzw àwvz xy}v} t~v {z Łwx 
v}~zw y}~zvw tuv y~u{xuwx
û
ü error(X,minsup) ≤ δ û
{z Łwx
X
}}v} tuv y~u{xuwx zw u~  Ł ux yz {~wx
yxzw z xwzv yu {z ~zzŁ{z tvz yz
X d
ü error(X,minsup) > δ û
{z u~w u }w} wvt twxŁ xwz  u~~z {~wx  öz xwz yu
{z ~zzŁ{z tvz 








zwwz Ł z~vz zw y y}vxuwz  Ł ux tu wvxwzŁ zw y}vxuwz uv {z ~ttvw
t z~w vzwzv wuw {v~z
X












N earBd+i = {X ∈ Bd
+
i r X /∈ F

error(X,minsup) ≤ δ}






tzvŁ zw yz y}~vxv {u vy~vz txwxz zw {u vy~vz }uwxz
yz Łwx v}~zw  { tvzy ~x~zŁzw z tuvuŁ Øwvz y özwv}z {u uz yz y}z yz
wvuuwx zw {z z~x{ Ł xxŁ~Ł yz ~ttvw  {z tuvuŁ Øwvz uyutwuwx w }w}
Ý
} z
t }vxŁ zwu{zŁ zw 
×
öu{vxwŁ z ŁŁzz tuv zt{vzv { öztuz yz vzzvz tuv xzu~ z ~wx{xuw
Apriori
=












}w~yxz x { öuttvz tuv xzu~ yxw àwvz wtt}z  Úx  özw {z u  { öu{vxwŁ z u{wzvz










u{~{zw u~z ~z yz yz~ y~u{xuwx 
GenPosBorder
tzvŁ zw yz
}}vzv {u vy~vz txwxz twxŁ xwz  zw
GenNegBorder
{z Łwx uyxyuw ~wx{x} t~v
vvxzv {z Łwx  v}~zw wvØ }{x} yz {u vy~vz txwxz  z u{~{ w uxw
yz Ł uxØvz xv}Ł zwu{z  { ~wx{xzw y ~x~zŁzw {z Łwx wv~} yu { öxw}vuwx
z ~v 
æ
w ~ öÙ {u {xz Ü
 
GenNegBorder
tvzy z tuvuŁØwvz {z Łwx yz {u vy~vz
txwxz zw {z Łwx ìtvz~z v}~zw ì y}~zvw yu {u vy~vz txwxz twxŁ xwz 
×
z Łwx ìtvz~z v}~zw ì w uxx xy}v} ŁŁz yz Łwx yz {u vy~vz
txwxz  zw w y ~wx{x} t~v }{u~zv { öztuz yz vzzvz  z Ł wx zvw wvuxw}
Ù {u
Ý
  {xz ÜU  tuv {u Ł }wyz
ProcessNearPosBorder
~x zzw~zvu ~ tuv~v tuv
xzu~ yz ìu~w z u ì yz { öztuz yz vzzvz  x z  yz Łwx {z t{~ vuy u~ t{~
t zwxw  u
Ý
 yz y}~vxv {z Łwx v}~zw Ł uxŁ u~ Łu~uw 
Úxzw
n′







öu{vxwŁ z zvu y yu {z txvz u
2× (n′ − k) + 1
y~u{xuwx
uuw yz y}~vxv {z vy~vz  ß zzw  { öu{vxwŁ z zvu
n′ − k + 1
y~u{xuwx yz {u
vy~vz }uwxz zv {u vy~vz txwxz  zw
n′− k
yz {u vy~vz txwxz zv {u vy~vz
}uwxz 
±u


























i = 2 d Bd−1 = R− F1 d Bd
+
































Bd+i = {X ∈ GenPosBorder(Bd
−
i ) | support(r,X) ≥ minsup}
z {
N earBd+i = {X ∈ GenPosBorder(Bd
−












i ) | support(r,X) < minsup}
z} {
Bd+i+1 = {X ∈ GenPosBorder(Bd
−




N earBd+i+1 = {X ∈ GenPosBorder(Bd
−
i ) | error(X,minsup) ≤ δ}
z {



































































































z u{~{ yz wvuzvu~ Ł xxŁu~ zw ~z }wut z xŁtvwuwz yz wvz u{vxwŁ z  zw
yxwxz z tuvwxz {z t zvvŁ uz yz { öxŁt{}Ł zwuwx  u wvz u  {z wvuzv
u~ Ł xxŁ u~ }wuw u{~{} Ù tuvwxv yz { ö°tzvvutz wxw~} yz Łwx yz vy~vz
z wv~wx  ~z uttvz xv}Ł zwu{z zw tv}}vu{z 




"~w y öuvy  {z Łwx yz {u vy~vz txwxz twxŁ xwz wz~ z Łt{}Ł zwuw







zw {z xzu~ uw~z{ ìtuv {z u ì ß zzw  w~ {z Ł wx v}~zw Ł uxŁ u~




ß~xwz  w~w wvuzvu{ Ł xxŁ~Ł wz~ Ù { ö}wut z
i
zw ~x u y} ~ Łwx
v}~zw yu {u vy~vz txwxz twxŁ xwz  vzwzvu wvuzvu{ Ł xxŁ~Ł ~z{{z
~z xzw {z ~z{{z uvàwz yz { ö°tzvvutz 

{~ vŁ z{{zŁ zw  xw







zŁ{z yz wvuzvu~ Ł xxŁu~ wz~ tuv ~z Ł}wyz xv}Ł zwu{z utvØ u ~w
yz
i
tvzŁ xzv Łwx yz
Bd−(F )
 Úxzw
Si = {X ∈ Tri(Bd
−(F )) | X ∩ Ai+1 6= ∅}
zw
Bi = {X ∈ Tri(Bd
−(F )) | X ∩ Ai+1 = ∅}

Þ
 vuy Łvz yz Ł}wyz xv}Ł zwu{z

















 t ~v ~z
X ∪ {a}
xw ~ wvu
zvu{ Ł xxŁ~Ł y~ ~z{ °tzvvutz  z yxwx y}t zyzw yz {u Ł }wyz ~wx{x}z 
s tuvwxv yz vzŁ uv~z tv}}yzwz zw yz z y}
Ý






−(F )) = Si ∪ {X ∪ {a} | X ∈ Bi, a ∈ Ai+1

4




⇔ Trm(Bd−(F )) = {Z ∈ Bd
+(F ) | |Z| ≥ k}
1
2
m = |Bd−(F )|

i < m ;
s~wvzŁ zw yxw  Ù u~z u{~{ yz
Tri(Bd
−(F ))
 z~{ {z wvuzvu~ Ł xxŁu~ yw
{u wux{{z zw x}vxz~vz ~ }u{z Ù
n− k












m = |Bd−(F )|






 z w°t z yz Ł }wyz tuv~vw { özzŁ{z yz wvuzvu~





 yz wzwzv x u~z zzŁ{z vzwz ~ wvuzvu{ Ł xxŁ~Ł
utvØ { öu ~w yz { öuvàwz
Ai+1
  u wvz wzwz  x{  özw y tu }zuxvz yz w~ {z
wzwzv uv  uxw y} Ù ~z {z wvuzvu~ Ł xxŁ u~ yw {z Łt{}Ł zwuxvz uttuvwxzw
Ù
Bd+(F )
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u }w} xxz t~v zzw~zv {z tuv~v tuv xzu~
uv z{{z zw { öxŁt{}Ł zwuwx y ö
Apriori
{u t{~ t zvvŁ uwz uw~z{{zŁ zw
âã

 ß {{z u
}w} Ł yx
Ý
}z t~v w$zv {u vy~vz }uwxz zw  öuvvàwzv u~ ~w y ö~ zvwux Łvz












öxŁt{}Ł zwuwx y ö
ABS
~wx{xz yz uvvz tv}
Ý
} ~ ß t~v w$zv {z wvu
uwx zw {z Łwx 











z zt}vxŁ zwuwx w }w} v}u{x}z z yz~ wzŁt  u ~ tvzŁ xzv wzŁt  ~
u v}u{x} ~z }w~yz zt }vxŁ zwu{z yz { öu{vxwŁz Ù tuvwxv yz  z~ yz y}z










~ u }w~yx} { öxl~zz y~ xzu~ y öuv




~x { öxŁtuw yz Ł wx






















w ~z { öu{vxwŁz
IBE

















 zw zt{xwz y {~x u~x {u wx yz y~u{xuwx
t~v zzw~zv yz u~w yu { öztuz yz vzzvz 
u ~ yz~ xØŁ z wzŁt  { öxŁt{}Ł zwuwx y ö
ABS








 z zt}vxŁ zwuwx w t zvŁ x yz Łtuvzv {z t zvvŁ uz y ö
ABS
uz ~ t{~ vuy Łvz y öu{vxwŁ z yz y}~zvwz yz Łwx v}~zw Ł uxŁ u~ 








































 yz Ł }Łxvz 
×
z °wØŁ z y özt{xwuwx zw
×
x~  zyuw & 








  ~ u v} { öuvvàw yz { öuttvz tuv xzu~  zw {z y}~w yz {u






















































































z{ {z xzu~ xx t ~v uzv yz wvuw}xz  z v}~{wuw 
Ý
vŁ zw y {u }
zxw} yz
Ý
zv y°uŁ x~zŁzw z tuvuŁØwvz  zw  ~wx
Ý
zw uxx ~z uttvz uyutwuwxz 
z t{~  t~v w~ {z  z~ yz y}z wzw}  wvz wx
IsDualizationRelevant
u
w~ ~v wv~} y°uŁ x~zŁzw {z Ł zx{{z~v xzu~ t~v uvvàwzv { öuttv z tuv xzu~ zw



































































yx}vzw z~x{ yz Ł z~vz y özvvz~v
×






~v vuttz{  ~ Łwx yz





~ u{{ y xx }w~yxzv { öxl~zz yz z z~x{ ~v {z t zvvŁ uz 

~v {z  z~
yz y}z
Pumsb
 {u tvxz z Łtwz yz Łwx ìtvz~z v}~zw ì  öuØvz xw}vzuwz









 {u tvxz z Łtwz yz
Ł wx ìtvz~z v}~zw ì  öuttvwz u~~z uŁ }{xvuwx 
×
öz xwzz yz vuyz {uz






xŁt{x~z ~z {z ~ttvw  özw tu
wvxwzŁ zw y}vxuw 

uv }~zw  {z Łwx xyzwx
Ý
} ŁŁz ìtvz~z v}~zw ì
t z~zw  öu}vzv {x yz {u vy~vz txwxz  Ú~v z w°t z yz  z~ yz y}z  { özt{vuwx
tuv xzu~ yz ìu~w z u ì yz { öztuz yz vzzvz zw ~}z Ù { ö}z 
n#

























































































































 & á zw & & 
ABS
zw {x y ö}u{zv {z Ł zx{{z~vz xŁt{}Ł zwuwx








~v {u Ł u z~vz tuvwxz yz  zt}vxŁ zwuwx 
IBE




  öutt~°uw ~v {z ztw
yz y~u{xuwx  zwwz yx}vzz zw z tuvwxz y~z u~ Łvz yz y~u{xuwx uxwz tuv
IBE
 ~x zw yu {u wux{{z yz {u vy~vz txwxz  u{v ~z {z Łvz yz y~u{xuwx
v}u{x}z tuv
ABS
zw yu {u wux{{z y~ t{~ vuy Łwx yz {u vy~vz }uwxz  ß zzw 
IBE
uxw ~z y~u{xuwx t~v u~z Łwx yz {u vy~vz txwxz  zw zwwz y~u{xuwx
{~x t zvŁ zw yz wv~zv ~ z~{ ~zu~ Łwx yz {u vy~vz txwxz  u {z txvz u 
ABS
uxw yz~ y~u{xuwx t~v u~z xzu~ Ù tuvwxv y~ yzvxzv zt{v} tuv
Apriori
 ~~ öu~
xzu~ wzuw {z t{~ vuy Łwx yz {u  vy~vz }uwxz  z ~ttuw ~z {z Łwx
uyxyuw }}v} w yz wux{{z
i+1
=
x { öu{vxwŁz uxw zvz Ł x yz y~u{xuwx


z t{~  Ù u~z xw}vuwx 
ABS
tz~w wv~zv t{~xz~v Ł wx yz {u  vy~vz txwxz  zw
y }{u~zv yz t{~ vuyz tuvwxz yz { öztuz yz vzzvz 
u {u
Ý
~vz & > 
IBE
u yz Łzx{{z~vz t zvvŁ uz ~ ö
ABS
t~v yz z~x{ Ł xx








~v z z~x{ yz ~ttvw  {u wux{{z yz {u vy~vz






 u{v ~z z{{z yz {u vy~vz }uwxz y}tuz
106





~vz & á 
ABS
z Łtvwz ŁŁz tv}~ yz {u Ł àŁ z ŁuxØvz ~ ö
Apriori

ß zzw  {u vy~vz txwxz yz
Retail
zw Łt}z yz ìtzwxw ì Ł wx  zw
Apriori
zw {z
Ł zx{{z~v u{vxwŁz t~v z w°t z yz  z~ yz y}z 









 özw tu u~x zå uz ~z {z
Ł zx{{z~vz xŁt{}Ł zwuwx  tuv zzŁt{z
FPmax∗
 Ł ux uŁ }{xvz
Apriori
tuv ~ uwz~v





















öxŁ t{}Ł zwuwx y ö
ABS










z v}~{wuw wz~ t zyuw z wzw 
Ý
vŁ zw z~ wz~ tv}}yzŁŁzw  ŁŁz
{z Ł wvz {u
Ý
~vz & U t~v yx}vzw w°t z yz  z~ yz y}z 
ABS
zw t{~ tuvwx~{xØvz










~v vuttz{  z  z~ yz y}z w yz Ł wx v}~zw Ł u xŁ u~ yz tzwxwz wux{{z  ~
yz Łwx v}~zw Ł u xŁ u~ yz vuyz wux{{z Ł ux uz ~z vy~vz }uwxz Łt}z
yz Ł wx vz{uwxzŁ zw t zwxw
=








 {z Łwx yz {u vy~vz }uwxz
w vuy zw {z~v Łvz t z~w àwvz xŁtvwuw 

uv }~zw  z{ {z xzu~ 	 zvu
uxwz {u tvzŁ xØvz y~u{xuwx  x{ ° u~vu xw ~z vuyz tuvwxz yz { öztuz yz vzzvz
zt{v}z tuv xzu~  xw ~ vuy Łvz yz y~u{xuwx uz  zu~~t yz Łwx Ù
tvzyvz z Łtwz Ù u~z x 
×
z t zvvŁ uz y ö
ABS







"~wzx  {u wvuw}xz uyutwuwxz t zvŁ zw yu {u Ł u z~vz tuvwxz yz u y ö~wx{xzv
nA
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{ öuttvz {u t{~ uyutw}z u~  z~ yz y}z 

uv zzŁt{z  t~v
Retail
 { öuttvz tuv
xzu~ zw w~w {z wzŁt ~wx{x}z uv {z Łwx v}~zw Ł u xŁ u~ w t zwxw  zx z
wvuy~xw ~v {u
Ý
~vz & U tuv yz t zvvŁ uz xyzwx~z Ù
Apriori
  u z u 
ABS
zw
tuvŁ x {z u{vxwŁ z {z t{~ t zvvŁ uw  s { ött}  t~v yz  z~ yz y}z wz{ ~z
Connect
 { öuttvz tuv xzu~ zw wtt }z vutxyzŁ zw u~ tv
Ý
w yz y~u{xuwx  z ~x
t zvŁ zw yz  zu~~t uŁ}{xvzv {z t zvvŁ uz 
×
u wvuw}xz y ö
ABS
uz z wx y~ w°tz yz  z~ yz y}z }w~yx}  Ł ux





 { öu{vxwŁ z ~wx{xz { öuttvz tuv xzu~  ~~ öÙ ~ z~x{ Ł xxŁ~Ł
yz ~ttvw yz >

z xv  uv  ~~ öÙ z z~x{ {z Ł wx v}~zw Ł uxŁ u~ vzwzw
vz{uwxzŁ zw t zwxw 

~v yz z~x{ Ł xxŁ~Ł yz ~ttvw t{~ t zwxw  {z Łwx v}~zw
Ł uxŁ u~ yz xzzw t{~ {  { öu{vxwŁ z uz y u wvuw}xz  z ~x z wvuy~xw
~v {u
Ý










































































































































































z zt}vxŁ zwuwx v}u{x}z w Ł x z }xyzz { öxw}vàw yz zwwz uttvz t~v
wvuxwzv yz~ w°tz yz  z~ yz y}z
û
ü
yz  z~ yz y}z u°uw ~z vy~vz txwxz Łt}z yz ìtzwxw ì Ł wx
d
ü
yz  z~ yz y}z u°uw ~z vuyz yx}vzz yz wux{{z zwvz {z Łwx yz
vy~vz txwxz zw }uwxz 
Úx  z v}Øvz Ù {u {ux
Ý
uwx uxwz z zwx á 

tuv vuttvw Ù {u ìyxwuz ì zwvz
{z yz~ vy~vz  z  z~ yz y}z w yz w°t z  zw yz w°t z   

uv ux{{z~v  Ù tuvwxv
yz z v}~{wuw  x{ zw uttuv~ ~z {z Ł zx{{z~v xzu~ t~v zzw~zv {u tvzŁ xØvz y~u{xuwx 
zw wv~} y°uŁ x~zŁzw tuv { öu{vxwŁz  vvzty uttv xŁ uwxzŁ zw u~ xzu~ 	




~vz & Û x{{~wvz z{u




t~v yz z~x{ Ł xxŁ~Ł yz ~ttvw
Ý
} 
ß zzw  t~v
Connect
{z Ł zx{{z~v xzu~ t~v wttzv
Apriori
zw zzw~zv {u tvzŁ xØvz
y~u{xuwx zw á  z ~x vvzty u~ xzu~ 	 {z Łvz yz Ł wx y}~zvw yz {u
vy~vz }uwxz yxŁ x~z 
×






























































































yz {u tvzŁ xØvz y~u{xuwx zw yxwvx~wx yz vy~vz
z Ł uxØvz }}vu{z  x{ zw u~x uttuv~ ~ ö
ABS
}wuxw Łx t zvvŁ uw ~z {z









 z~ uwz~v z
n±
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wuwxz zw }}vx~z y özt{vuwx yz { öztuz yz vzzvz 

uv }~zw  ~  öu
tu twxŁ x} zwwz t }vuwx  z ~x zt{x~z {u yx}vzz yz t zvvŁ uz uz {z u~wvz
xŁ t{}Ł zwuwx 
z t{~  {z y~u{xuwx uxwz tuv
ABS
vzxzzw Ù u{~{zv yz Ł uxØvz xv}Ł zwu{z
{z wvuzvu~ Ł xxŁ u~ y ö~ °tzvvutz Łt} yz Ł wx yz {u vy~vz }uwxz 

v ŁŁz ~ { öu ~  zwwz t }vuwx tz~w àwvz wvØ cwz~z  "~wzx  ŁŁz





 {z u{~{ yz wvuzvu~  öuØyz tu u~ y}z 

uv 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yz Ł wx v}~zw 
×
z ~ttvw }wuw y}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B ∈ schema(R) Ý
} 
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z wz{{z y}t zyuz zw vuxz yu
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 x t ~v w~w w~t{z








w {u Ł àŁz u{z~v t~v {z uwwvx~w yz
X
 u{v x{ w {u Ł àŁz u{z~v
t~v { öuwwvx~w
B
 x z 
u[X] = v[X] ⇒ u[B] = v[B]
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zw Łt} yz { özzŁ{z yz tuvwxz yz
schema(R)\{B}
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X ⊆ schema(R)\{B} ;
q(r,X)











u vy~vz txwxz zw y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uw {u
y}t zyuz wxz{{z 
×
u vy~vz }uwxz zw Łt}z yz t{~ vuyz tuvwxz
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özwvuwx yz {} Ł xxŁu{z y ö~z vz{uwx zw ~ u~wvz zzŁt{z y öutt{xuwx yz
z uyvz {x}z u~ 

  uttz{ w~w y öuvy {u y}
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X ⊆ schema(R) ; X





u, v ∈ r, u[X] 6= v[X] ; X












∀Y ⊂ X,∃u, v ∈ r, u[Y ] = v[Y ] ;
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schema(R)
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⇒ ∀u, v ∈ r, u[X] 6= v[X] ;
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{} Ł xxŁ u{z y ö~z vz{uwx w {z ~t zv {} Ł xxŁ u{z tuv x{~x  z t{~ 
SCle(r)
zw { tuv {z u~w 
Cle(r)
tz~w u{v àwvz uvuw}vx} Ù tuvwxv yz {u  vy~vz
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P (r, s, R[X] ⊆ S[Y ])
zw vux x {u y}t zyuz









z tv{ØŁ z yz ~x{{z yz y}z ~ uzw t z~w àwvz vŁ~{} yz {u Ł uxØvz
~xuwz
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ìÚxw ~z uz yz y}z  wv~zv w~wz {z y}t zyuz y öx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P (r, s, R[X] ⊆ S[Y ])

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z tv}yxuw }wuw uwxŁwz vz{uwxzŁ zw Ù { övyvz ~wx{x}  {u wx yz vy~vz




zw { özzŁ{z yz





{ özzŁ{z yz y}t zyuz y öx{~x  uwxuxwz {z t{~ }}vu{z tuv vuttvw Ù
{ övyvz ~wx{x} 
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tzvŁ zw y öuxzv Ù u~z y}tzyuz y öx{~x yz
L
 ~ zzŁ{z yz
y}t zyuz y öx{~x ~uxvz yz {u Ł uxØvz ~xuwz
û ens(i) = {j ∈ I1|j ¹ i}

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S[FGH]) = {R[A] ⊆ S[F ], R[B] ⊆ S[G], R[C] ⊆ S[H]}

ß xy}vuw ~x~zŁ zw {z  yw {u tuvwxz u~z vzt zwz ~ vyvz
Ý
}  
wxzw ~z {u wx
ens
zw x zwxz zw uyŁzw ~z wx xzvz
ens−1
  u
{z u wvuxvz  {u wx
ens
z zvuxw tu x zwxz 

uv zzŁt{z  x{ zvuxw tx {z
y öuxv
ens(R[AA] ⊆ S[DE]) = ens(R[AA] ⊆ S[ED])













Ø  zwwz wvuvŁ uwx zw xŁt{z Ł ux }zxwz yz vzwvzxyvz {z  










C = {i = R[A1...An] ⊆ S[B1...Bn] | ∀k, l, 1 ≤ k < l ≤ n,
(Ak < Al) ∨ (Ak = Al ∧Bk < Bl)
zw x  wvx xu{z
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u v}}vxw~vz yz vz~àwz Ù tuvwxv yz ~z zw ~z tv{}Ł uwx~z xŁtvwuwz  yw
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wvuxwz yz u{z~v  zw w Ł wv} ~z zvwuxz }wut z yz {u v}}vxw~vz t~uxzw z
vŁ~{zv yu {z uyvz yz ~x{{z yz y}z ~z ~ uvy xx 
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~ zzŁ{z yz ~z  {z tv{ØŁ z xwz Ù vzvŁ~{zv
~z vz~àwz
Q
z ~z ztvzx  uttz{}z v}}vxw~vz  ~x ~wx{xz ~x~zŁ zw {z ~z yz
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u v}}vxw~vz yz vz~àwz t z~w
àwvz ~z ŁŁz ~z wzx~z t~v u{~{zv {z v}tz Ù ~z vz~àwz yu ~ °wØŁ z




u{ s  Ô xzÜ

 u z w°t z y öuttvz  {z
~z  t xw y öuØ u~ ~vz yz y}z  w y}vxwz ŁŁz yz vz~àwz z wzvŁ z
y~ }Ł u {u{ y~ Ł}yxuwz~v 
u zvwux u  { öztvzx yz wvuxwz yz u{z~v t zvŁ zw y öwzxv yz yz




uv zzŁt{z  ~z vz~àwz t z~w yzŁ uyzv {z











z wvuxwz yz u{z~v w xx t zvŁ x yz t }x
Ý
zv {z
u{z~v tx{z yz uwwvx~w ~Ł}v yz ŁŁ~z zw u}z 

~v v}~yvz {z tv{ØŁ z yz {u v}}vxw~vz yz vz~àwz z wzvŁ z yz ~z z tv}zz








 öutt~xzw yu ~ tvzŁ xzv wzŁt






zw uytuwzw ~ u{vxwŁ z yz
v}}vxw~vz yu {z uyvz yz {u {x~z }w~yx}z  ß~xwz  zvwuxz }wut z cwz~z yz zw
u{vxwŁz w vzvŁ~{}z z tv{ØŁ z y özwvuwx yz Łwx xw}vzuw  t zvŁ zwwuw
uxx y özt{xwzv {z u{vxwŁ z z xwuw yu z yŁuxz zw y ötwxŁ xzv z }wut z 
æ
w ~z t~v zw zzŁt{z {z xzu~ yz vu~{uvxw} zw yx}vzw yz zzŁt{z tv}
}yzw  Úz~{z zvwuxz }wut z yz {u Ł }wyz yz v}{~wx tz~zw àwvz vzvŁ~{}z z
tv{ØŁ z y özwvuwx yz Łwx xw}vzuw  zw  { özzŁ{z y~ tv{ØŁ z ŁŁz z{u
zw {z u t~v {z v}~zw  {z 

~ {z    "~wzx  z }wut z wxw~zw ~ txw
yxå x{z yz {u Ł }wyz z wzvŁ z yz tuuz Ù { ö}z{{z 
×
z~v vzvŁ~{uwx yu z uyvz

















u zwwz zwx  ~ u{{ ~ xw}vzzv Ù {u ~zwx yz { öutt{xuwx yz u{






"~w y öuvy  ~ u{{ xŁt{zŁ zw }w~yxzv  öx{ zw tx {z y ö~wx{xzv z u{vxwŁ z
yu z ~zu~ wzwz  zw ~ ~z{{z yxwx  ß~xwz  ~ zvv { öxŁtuw ~z
z{u u ~v {z u{vxwŁz 
ŁŁz ~ { öu ~ tv}}yzŁŁzw  {u Ł u vxw} yz u{vxwŁ z ~wx{xzw yz tv
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tvx}w} {x}z u~ ~ttvw t ~v uŁ }{xvzv {z~v zå uxw} 
æ
}uŁx  x{ zw ~zw tx{z yz
{z ~ttvxŁ zv zw y ö~wx{xzv ~x~zŁ zw {u wvuw}xz ìux~z ì y özt{vuwx yz { öztuz yz















zzŁt{z yu z u  { ~wx{xzw yz twxŁ xuwx tvtvz u~ v}~zw  Ł ux t z~zw
àwvz v}y~xw u~ tuv~v yz { öztuz yz vzzvz ~ öx{ zzw~zw  x z  ~ tuv~v z tv








"~wzx  z  özw tu w~ ~v {z u 
Þ
z wvuw}xz wz{{z ~z z{{z ~wx{x}z tuv
FP − growth 
Ó
á 
















z t z~w àwvz utt{x~} ~z x {u wx









z t{~  z uyutwuwx vx~zw yz  zu~~t uzwzv {z t zvvŁ uz yz u{
vxwŁ z  zw t z~zw Ł àŁz xl~zzv {u wvuw}xz y özt{vuwx yz { öztuz yz vzzvz 
ß zzw  {z~v t zvvŁ uz y}t zyzw vwzŁ zw y ötwxŁ xuwx t }x
Ý
~z u~ tv}yx
uw ìàwvz v}~zw ì wuŁŁzw t~v uŁ}{xvzv {z u{~{ y~ ~ttvw
=
zwx > 





uv }~zw  {z~v zå uxw} t~v ~ u~wvz tv}yxuw zw t{~ ~ öxzvwuxz 
×
z u{
vxwŁ z {z t{~ t zvvŁ uw t~v { özwvuwx yz Ł wx v}~zw z {z w y tu
}zuxvzŁ zw t~v ~ tv{ØŁ z }~xu{zw 
×
z wvuw}xz y özt{vuwx yz { öztuz yz vzzvz t z~zw u~x àwvz uzw}z 

uv
zzŁt{z  {z u~w zzw~} tuv ~z vuyz tuvwxz yz z u{vxwŁz w }}vu{zŁ zw
uttv xŁ uwx zw y}t zyzw yz { övyvz yu {z~z{ {z Łwx w xy}v} 

~v {z tv
{ØŁ z yz { özwvuwx yz Łwx v}~zw  {z Ł wx w ~zw vy} tuv ~ttvw












 zw vyvz t zv
Ł zw z tvuwx~z y öuŁ }{xvzv vwzŁ zw {z t zvvŁ uz yz u{vxwŁ z  "~wzx  zwwz
z~vxwx~z zw tvtvz u~ tv{ØŁ z yz v}~zw  zw t z~w yxå x{zŁ zw àwvz utt{x~}z yu
~ u~wvz wzwz 
z ŁuxØvz }}vu{z  t z~ y öu{vxwŁ z  öutt~xzw ~v ~z wvuw}xz wwu{zŁ zw }}
vx~z t~uw àwvz utt{x~}z yxvzwzŁ zw Ù  öxŁtvwz ~z{ tv{ØŁ z y özwvuwx yz Łwx
















w yu z u  ŁŁz ~ u{{ {z xv Ł uxwz
uw  { öu{vxwŁ z
ABS 

~z ~ u tvt} uxw u~x tuvwxz yz zwwz uŁ x{{z







 öutt~xz ~v yz~ w°tz yz wvuw}xz
û
{u tvz

























tz~w àwvz }}vu{x} Ù w~w tv{ØŁ z y özwvuwx yz Ł
wx xw}vzuw  u Łyx
Ý
uwx yz u wvuw}xz  z Ł àŁ z  {z y~u{xuwx zzw~}z
z~xwz tuv
ABS




t~v { özzŁ{z yz
tv{ØŁ z y özwvuwx yz Łwx xw}vzuw vztv}zwu{z tuv yz zzŁ{z 
ABS
zw u~x y} ~v yz~ ut zw uyutwuwx
=





z tvzŁ xzv  zw {z
t{~ xŁ tvwuw  t zvŁ zw yz y}wzvŁ xzv {u
Ý
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tuz yz y~u{xuwx zwvz {z yz~ vy~vz 

~v {z tv{ØŁ z yz Łwx v}~zw  z
uzŁzw yz wvuw}xz zw y}wzvŁ x} y öutvØ {u tvtvwx yz Łwx v}~zw }}v}
{v yz {u yzvxØvz xw}vuwx y ö
Apriori
=
zwx & Ü 


 zwwz wvuw}xz uyutwuwxz t z~w y
xŁt{zŁ zw àwvz }}vu{x}z z }w~yxuw {u tvtvwx yz Łwx xw}vzuw }}v} tuv
{ öuttvz tuv xzu~ 
×








xz ~z {u y}
Ý
xwx yz {u Ł z~vz xw vwzŁ zw y}t zyuwz
y~ tv{ØŁ z }w~yx}  zwwz wx zw }}vx~z zw t z~w àwvz vzy}
Ý
xz t~v w~w tv{ØŁ z
y özwvuwx yz Łwx xw}vzuw 

uv zzŁt{z  yu {z uyvz yz { ö}w~yz yz   {z t{~










zw t zvŁ zw uxx y özwxŁ zv {u yxwuz




xv  w ~z { ö zwx yz zw u{vxwŁ z zw yz {xŁ xwzv {z Łvz yz Ł wx
uyxyuw wzw} tuv vuttvw u~ tv}yxuw  zw  y ötwxŁ xzv {z wvuxwzŁ zw y~ tv}yxuw 
Ú zå uxw} zw y wwu{zŁ zw xy}t zyuwz y~ tv}yxuw xy}v}  wvuxvzŁ zw u~
Łzx{{z~v u{vxwŁ z y özwvuwx yz Łwx v}~zw 
×
özå uxw} yz z w°t z yz wvuw}xz u }w} y}Łwv}z yu


t ~v {z tv{ØŁ z
yz { özwvuwx yz  

~v z tv{ØŁ z  {z cw y~ wzw y~ tv}yxuw zw xŁ tvwuw  z
~x zt{x~z { öxw}vàw yz wvz uttvz yw { ö zwx zw yz {xŁ xwzv {z Łvz yz Ł wx
wzw}  zw xw}vàw zw u~x z tuvwxz {x} Ù ~z tvtvx}w} w}vx~z yz  ~x z wvuy~xw





zw u~ w°tz 
=




uwx tvt}z yu {z utxwvz á 
æ
w ~z {z v}~{wuw y~ utxwvz á t z~zw uxx àwvz }}vu{x} u~ tv{ØŁ z
y özwvuwx yz Łwx xw}vzuw 

~v z w°t z yz tv{ØŁ z  { ö}w~yz yz {u  vy~vz





tz~w ~ t zvŁ zwwvz y öuxv yz xvŁ uwx wvØ }}vu{z ~v z tv}yxuw  zwwz }w~yz
tz~w wuŁŁzw ~ t zvŁ zwwvz yz Ł xz~ uttv}zyzv {z ŁtvwzŁ zw yz yx}vzwz

















z vuyz tuvwxz yz xŁt{}Ł zwuwx yz u{vxwŁ z y özwvuwx yz Łwx v}
~zw z tv}zwz ~ {u vŁ z yz tvvuŁŁz xy}t zyuw  y}z{tt} tvxxtu{zŁ zw
t~v }u{~zv { özå uxw} yz { öu{vxwŁ z   özw wuŁŁzw {z u yz w~wz {z xŁt{}Ł z

















 tvtzw yz ~wx{ yz
~x{{z yz y}z zw y öuttvzwxuz {xvz yz yvxw xw}vuw yz u{vxwŁ z y özwvuwx
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zw ~z {xvuxvxz å y}z{tt}z tuv { ö}~xt z yz vzzvz y~
tvzz~v
¿
 Óu  zw vzv~tuw {z xŁt{}Ł zwuwx yz u{vxwŁ z tvt} tuv z{{zx 
×
z yŁuxz uw~z{{zŁ zw uvy} tuv z tv zw w {z ~z yz y}z  {u y}~zvwz
yz vØ{z y öuxuwx  { özwvuwx yz Łwx }~zwxz{  {u ~x{{z yz vutz zw {u
{ux
Ý
uwx  z t{~  yz ~wx{ w }w} y}z{tt} u~ zx yz z tv zw u
Ý
 yz ux{xwzv
{ ö~wx{xuwx yz z}~wu{z 
z  Vw} 
Weka
zw ~ {xxz{ vuw~xw y öuttvzwxuz zw yz ~x{{z yz y}z tuvŁ x
{z t{~ ~wx{x}  z {xxz{  y}z{tt} z
¿
uu zw wxw~} y ö~z xwzvuz vutx~z 
vzv~tz ~z {{zwx y öu{vxwŁ z y öuttvzwxuz zw yz ~x{{z yz y}z  { wxzw
yz ~wx{ t~v {z tv}wvuxwzŁ zw yz y}z  {u {ux
Ý
uwx  {u v}vzx  {u y}~zvwz
yz vØ{z y öuxuwx zw {u  x~u{xuwx  s tuvwxv yz { öxwzvuz vutx~z  z {xxz{





tz~w u~x àwvz ~wx{x} wz{{z ~z {xvuxvxz yz Łtuw
¿
uu 
"~wzx  z wvuu~ z w ~z vzv~tzv yz xŁt{}Łzwuwx y öu{vxwŁ z y}yx}z
zw twxŁ x}z t~v {u v}{~wx yz tv{ØŁ z tv}x  z tvvuŁŁz z tz~zw y
tu àwvz ~wx{x} t~v v}~yvz y öu~wvz tv{ØŁ z Ł àŁ z  öx{ w }~xu{zw 
×
z yz
~vz z w tu w~ ~v yxtx{z  zw {v~ öx{ {z w {z~v Łyx
Ý
uwx  öuØvz
yxå x{z xvz xŁ tx {z yz tuv {u Łt{z xw} yz { öxŁt{}Ł zwuwx 
æ




tzvŁ zw y öutt{x~zv yx}vzw wvuxwzŁ zw yz ~x{{z yz
y}z  yw { özwvuwx yz Łwx v}~zw 

ux { ö~wx{xuwx yz u{vxwŁ z xw}v}
u~ {xxz{ t ~v v}~yvz w~w u~wvz tv{ØŁ z ~z z{~ x tv}~ xxwxu{zŁ zw zw xŁtx{z 
y öu~wuw t{~ ~z {z yz ~vz  özw tu yxtx{z 
s wvz uxuz  ~ z~{ wvuux{ wzy Ù tvt zv ~z {~wx ì}}vx~z ì xuw
Ù xŁt{x
Ý


















 ß {{z t zvŁ zw Ù { ö~wx{xuwz~v y öuyutwzv



























zw ~z {{zwx y öu{vxwŁz zw yz wv~w~vz yz y
}z 
×
z wv~w~vz yz y}z }}vx~z y}
Ý
xz t zvŁ zwwzw yz wvuxwzv yz Łwx uvx} 
zw yz zxv yz u{vxwŁ z }}vx~z y özwvuwx yz Łwx v}~zw 
×
u {xvuxvxz
t zvŁ zw y öu}yzv Ù yx}vzw w°t z yz uz yz y}z z Ł}Łxvz ~ ~v {z yx~z  zw yz











~vz U Ü x{{~wvz yz Ł wx wz{ ~z {z zzŁ{z  {z }~zz  {z uvvz
zw {z vutz  s xx  {z zzŁ{z y öuvwx{z w tuv zzŁt{z yz vutz u°uw t~v
z~y {z uvwx{z zw u~~z uvàwz 



















Ł wx ~ vŁ z yz vutz  zw u~z w°tz yz Łwx zw yx}vzx} tuv ~ zzŁ{z yz
tvtvx}w} zw yz Ł }wyz
û
ü
tvtvx}w} ~v {u wv~w~vz yz Łwx  ß {{z t zvŁ zwwzw yz y}
Ý
xv ~z{ w°t z yz vutz
u vztv}zwzv {z Łwx  x z  {z tvtvx}w} ~v {z uvàwz zw {z z~y 

uv zzŁt{z 
{z uvvz w uvuw}vx} tuv {z tvtvx}w} ìzz ì zw ìu°{x~z ì uv tuv
y}
Ý
xwx z w yz vutz zz zw u°{x~z 
ü
Ł }wyz ~wx{x}z {v yz { özwvuwx  Ł ux tvtvz u~ Łwx }w~yx} 

uv zzŁt{z 
x{ zw }zuxvz yz y}
Ý







yz Łtwuz y~ ~ttvw  ß zzw  z{{zx w wwu{zŁ zw yx}vzwz y ö~ w°t z yz
Łwx Ù ~ u~wvz  tuv zzŁt{z zwvz {z zzŁ{z zw {z vutz 
u z wzwz  { öu ~w y ö~ ~zu~ w°tz yz Łwx Ù {u {xvuxvxz vvzty xŁt{zŁ zw
Ù { öu ~w yz ~z{{z tvtvx}w} zw Ł }wyz 














t~v Ły}{xzv {u x}vuvxz yz yx}vzw w°t z yz
Łwx 






zw ~z {{zwx yz yx}vzw w°t z yz Ł wx zw
B











 zw {u vztv}zwuwx xŁ t{x
Ý
}z yz z wvzx{{x  	 z~{ uttu
vuxzw yz u z u~w {z ~zu~ Łwx zw yz u~w z u {z ~z{{z tv
tvx}w} 








vutz u°{x~z vxzw}  Ú}~zz  s vvz vy}  s vvz  vy}
},
{




z u~wz~v z w utt~°} ~v zwwz x}vuvxz t~v y}
z{ttzv yz Łtuw }}vx~z t~uw wvuxwzv yx}vzw w°t z yz Łwx  ß zzw 
w~w Łtuw wxuw t~v ~ Łwx uttuvwzuw Ù ~ ztw yz {u x}vuvxz
yxw u~x wxzv u~wŁuwx~zŁ zw t~v w~ Łwx yz ~ztw 

uv zzŁt{z 
{z Łtuw y}z{tt} t~v {z vutz vxzw} u°{x~z yxzw wxzv t~v
{z uvvz  vy}  {z uvvz vy} zw {z }~zz 

uv wvz  x{ z zvw tu
}zuxvzŁ zw wvØ zå uz  y ö	 { öxw}vàw yz vzy}
Ý
xv w~w yz ŁàŁz zvwux Łtuw
t~v z ì~Łwx ì
×
u {xvuxvxz wxzw uw~z{{zŁ zw yz~ w°tz yz wvuw}xz y özt{vuwx yz { öztuz
²
ÇX p
Á[ [¼ º·¾ Z¼¸[ º¼» ZÆ ZÁ ººÁ[ Á

Z[¾¹ ¸¾Á[ Ã¼·½ ºúÁ
















zw ~z wvuw}xz zzw~uw ~ tuv~v z tvyz~v  z wvuw}xz t zvŁ zwwzw
yz wv~zv { özzŁ{z yz Ł wx v}~zw yz {u uz yz y}z }w~yx}z 

















z~{z { ö}~Ł}vuwx yz w~ {z Łwx v}~zw zw tx {z 
×
z vy~vz z t z~zw
tu àwvz vzzv}z 
ü
z~{ w yxtx{z yz u{vxwŁ z ì{ux~z ì wzwuw ~ vuy Łvz yz
Łwx  s~~z yz wvuw}xz  özt{xwz tuv zzŁt{z {z Łwx yz {u vy~vz txwxz




¾Á Á¾ Å¾¹¾ ÂÁ ºú¹½¾
²÷
°"¨¬ !© « ç
­
«è) é« ¬èê©ê©ë¬¨ì« è¨¬íî«
î ®¨éìêèí©ïð «ñ î ®«¯©è¨ò©íêó î« ðê©íôñ
íó©õè«ññ¨ó©ñ
ö÷øøùúûü
ý þß   	








þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ ß
¶   ¸ ﬀﬁµ ﬂﬃ ! " ·µ! #ﬀ$ﬂ%ﬁ  "ﬃ!& ﬂ 'ﬃ"ﬀ            ()
¶   *& &ﬀﬃ+, & " ·-#ﬂﬀﬃ ! " &# ! $ﬂ&               (.
ý þ/
²0
 	1		   2 2 þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ ßß
¶ 3  4ﬀ,ﬃ! &ﬃ !                             (
¶ 3  5! µ ﬂ &ﬃ !                            
¶ 3 3 6ﬀﬀﬁ ﬃ!'&  # ﬁ  &ﬃ !&                    3








þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ ßß
9 :;< => =?:@ABC> D ;EBC> EFG >=BAH ><B I> @CE@ E<>C J; EJBAK H:=AKAB:;B K> ILM>KE@@ >N >;B I>
<EKJBAE;< KEOA=A>KK>< >
å
=:=>< JBAKA<:;B K>< :KOECAB?N >< I
ö
>PBC:=BAE; I> N EBAH< HCLQJ>;B< @ EJC
CL<EJIC> I>< @CEFK
Ø
N >< LQJAM:K>;B< I
ö
>PBC:=BAE; I> N EBAH< =:J <>;< K:CO>R A;BLC><<:;B< D
C>@CL<>;B:FK>< @:C I>< >;<>N FK>< ST
" Û&U V
æEJ< @CE@ E<E;< IE;= J;> KAFC:ACA> SW T X Y
áU













×>< =:C:=BLCA<BAQJ>< >B E@BAN A<:BAE;< I> K
ö
AN @KLN >;B:BAE; <E;B BC:;<@:C>;B><



















C>HECN JK>C =<A @ E<<AF K>R <E; @CEFK
Ø







>PBC:=BAE; I> N EBAH< A;BLC><<:;B< D >B K
ö
:<<A<B> :J<<A I:;< K> ILM>KE@@ >N >;B I><
Z
#
[\ ][ ^\ _]`a`ab _cd\ ]c_ Ze\ e fc ^d`]Zagh\[ e f\

a ]cia Z`j e\ h`a Zk[ Zjal ]\[[cja[
IAmLC>;B< =EN@E<:;B<
V
n op qrstu vwxytz{|u




   Ł D






> =:IC> ;EJ< : ;EB:NN>;B ILG  @ >CN A< I :@@KAQJ>C I>< :KOECAB?N>< A<<J< I> K >PBC:=
BAE; I> NEBAH< HCLQJ>;B<  I :JBC>< @CEFK~N >< LQJAM:K>;B< D B>K< QJ> @EJC K: IL=EJM>CB> I><
9W S}X}YY
U
D K: IL=EJM>CB> I>< 9  K>< @KJ< <@ L=A:KA<L>< ST}XY D TXY
U
>B K: CL<EKJBAE;




9:;< => I>C;A>C D
K AN@KLN >;B:BAE; ILM>KE@@L> : :A;<A @ >CN A< K> @:<<:O>  K L=?>KK> >; HE;=BAE; IJ ;ENFC>
I> MJ>< BC:ABL>< SWY
U V
} EFB>;BAE; I J;> C>@CL<>;B:BAE; >;<>NFKA<B> @ >JB <>NFK>C BC> J;> =E;BC:A;B> HECB> D
N :A< >KK> : F >:J=EJ@ I :M:;B:O>< >B @ >CN >B I >;MA<:O>C J;> OL;LCA=ABL AN @ECB:;B>
V
X:C
>P>N@K> D KEC< I J; @:C=EJC< @:C ;AM>:J  I> K ><@:=> I> C>=?>C=?> D K: OL;LC:BAE; I>< =:;
IAI:B< IJ ;AM>:J
k
 @:CBAC I>< NEBAH< MC:A< I> ;AM>:J
k − 1
@>JB BC> H:AB> > =:=>N >;B







FK~N > C>@CL<>;B:FK> @:C I>< >;<>NFK>< @ >CN >B IE;= I> H:=BE I JBAKA<>C =>BB> OL;LC:BAE; I><
=:;IAI:B< D I E  J;> OC:;I> OL;LCA=ABL
V
X:C =E;<LQJ>;B D K JBAKA<:B>JC IEAB <>JK>N >;B IL¡;AC
K> @CLIA=:B D K>< IE;;L>< >; >;BCL>¢<ECBA> >B LM>;BJ>KK>N >;B J;> HE;=BAE; I> BC:;<HECN :BAE;
I>< NEBAH< M>C< K> BC>AKKA< I>< @:CBA>< I J; >;<>NFK>
V
K ; : IE;= @:<  AN@KLN >;B>C K>< @:C
BA>< K>< @KJ< =EN@K>P>< D B>K< K :KOECAB?N> I L;JN LC:BAE; JBAKA<L EJ K: O><BAE; I>< =:;IAI:B<
>; NLNEAC>
V
9> @KJ< D F >:J=EJ@ I :KOECAB?N >< < :@@JA>;B <JC I>< N LB?EI>< ;L=><<AB:;B J;> C>@CL










n o¤ ¥ ¦§u¨v¦ ©xvwysyªy«z{|u¦

>BB> <>=BAE; :@@ECB> I>< LKLN >;B< N LB?EIEKEOAQJ>< @EJC @ >CN >BBC>  J; :;:K<B>
I JBAKA<>C =E;=C~B>N >;B => QJ> ;EJ< @CE@E<E;<
V
¬ ­® ­¯ °
ü±÷ûø²³ù´ ú÷µ ¶ ·²µ ¸û÷¹³ºøü ¶ùµ» ³ü ¼ù¶ûü
9:;< =>BB> <>=BAE; D ;EJ< :KKE;< N E;BC>C J; =?>N A;>N>;B @E<<AF K>  >m>=BJ>C @EJC










=?>N A;>N >;B ><B =EN@E<L I>< QJ:BC> LB:@ >< <JAM:;B>< Ç
È
IL¡;AC K ><@:=> I> C>=?>C=?> D
È
IL¡;AC K> @CLIA=:B D
È
AI>;BA¡>C K: <ECBA> D
È
>P?AF >C J;> C>@CL<>;B:BAE; >;<>NFKA<B>
V
} >P>N@K> I> K >PBC:=BAE; I>< 9 <:BA<H:AB>< >;BC> I>JP C>K:BAE;< C >B < D MJ <>=BAE; É
VÊV
 D
><B C>@CA< =ENN> >P>N@K> I:;< =>BB> <>=BAE;
V
Ë ÌÍÎÏÐ Ñ ÒÓÔÕÖ×Ó ØÓ ÐÓ×ÙÓÐ×ÙÓ
9:;< J; @C>N A>C B>N@< D AK H:JB ILB>CN A;>C K> K:;O:O> QJA @ >CN >B I >P@CAN >C K>< NEBAH<
@JA< J;> C>K:BAE; I ECIC> @:CBA>K D @ EJC IL¡;AC K ><@:=> I> C>=?>C=?>
V
ÚÛ ÜÝÞ ßÜ àá
âã
  äå Ł





ì ì   é  æç
R[X] ⊆ S[Y ]

ã
  êé 


















































Ë ÌÍÎÏÐ ÑÓ ÕÐÌØÏ×Öú
I>;BA¡>C K> @CLIA=:B ><B <EJM>;B :A<L D AK <J B I L=CAC> HECN >KK>N >;B => QJ> A;BLC><<:;B 
<AO;A¡> I:;< K> =E;B>PB>
V
XEJC J; NEBAH >B J;> F:<> I> IE;;L>< D AK H:JB L=CAC> K: =E;IABAE;
QJA C>;I => N EBAH A;BLC><<:;B I:;< =>BB> F:<> I> IE;;L><
V




















R[X] ⊆ S[Y ]
ß 
ã
  æç ê
ë
ê      
} JBAKA<:B>JC IEAB :KEC< ILN E;BC>C K: @CE@CALBL I :;BANE;EBE;A> EJ I> NE;EBE;A>R
KA:;B K: <:BA<H:=BAE; IJ @CLIA=:B >B K ECIC> @:CBA>K >;BC> K>< N EBAH<
V
ÚÛ ÜÝÞ ßÜ á














  æç ê
ë







  äõé õ
ã




êí  êßŁ ééé 
ñ
9> H:E; OL;LC:K> D ;EBE;< QJ> =>CB:A;< @CLIA=:B< ;> MLCA¡>;B @:< =>BB> @CE@CALBL I>







^\ _]`a`ab _cd\ ]c_Äe\ e fc ^d`]Äagh\
Ã
e f\







K < :OAB A=A I> =:C:=BLCA<>C QJ>K< N EBAH< IEAM>;B BC> IE;;L< >; <ECBA> D >; HE;=BAE; I>
K >;<>NFK> I>< N EBAH< A;BLC><<:;B<
V 
EJ< M>CCE;< @KJ< KEA; QJ> =>BB> =:C:=BLCA<:BAE; ><B
AN @ECB:;B> @EJC OJAI>C K :;:K<B> I:;< <E; =?EAP I> K: <BC:BLOA> I >P@KEC:BAE;
V
ÚÛ ÜÝÞ ßÜ  á
â
é   éê   äè   é
ã







































éêêõ    î éê   é   éê   äì éêîŁ 
ñ
ÙÏ ÓÐ ÎÓ ÐÓÕÐÌÔÓÎúÖúÏÎ ÓÎÔÓ ÑÏÔúÓ
9> ;ENFC>JP @CEFK~N >< < >P@CAN >;B ILG  ;:BJC>KK>N >;B I> H:E; >;<>NFKA<B> D >B @EJC
>JP =>BB> LB:@ > ><B BCAM A:K>
V 
;EBC> =E;;:A<<:;=> D K> <>JK @CEFK~N > @EJC K>QJ>K J;> BC:;<
HECN :BAE; ;E; BCAM A:K> : LBL IE;;L> ><B =>KJA I> K: IL=EJM>CB> I>< IL@ >;I:;=>< I A;=KJ<AE;
I:;< K>< F:<>< I> IE;;L><
V 
EJ< @ >;<E;< QJ> D KEC<QJ >KK> ; ><B @:< BCAM A:K> D =>BB> LB:@ >
@ >JB < :MLC>C BC~< ILKA=:B>
V




  äõé õ
ã











  Ł    
ã
êõ ö
ens(i) = {j ∈ I1|j ¹ i}
è õí
I1







ê  ê 
 ñ
¬ ­® ­® 
ü» »´ûù´ úü» ¶ ·ü¸³÷ûù´ ú÷µ ¶ ú»¸ ÷µ ú¹³ü»
ﬀÓÔ ÖÑﬁÐÏúÙ ÓÔ
ﬂ;> HEA< K> @CEFK~N > @K:=L I:;< => =:IC> D K> ILM>KE@@>JC IEAB =?EA<AC J;> <BC:BLOA>
I >P@KEC:BAE; I> K ><@:=> I> C>=?>C=?>
V 
=BJ>KK>N >;B D I>JP E@BAE;< <E;B IA<@E;AFK>< Ç
È








R QJA @ >CN >B I>















;A>C =:< ><B @E<<AF K>  =E;IABAE; I LBJIA>C K> @CLIA=:B A;M>C<> >B I> C>=?>C=?>C J;AQJ>N>;B
K>< FECIJC><
V ﬃ
; >m>B D <A J; @CLIA=:B
P
><B N E;EBE;> :KEC< K> @CLIA=:B A;M>C<>
¬P
><B :;BA

















¡; I> NE;BC>C K >PL=JBAE; I> =>< :KOECAB?N >< KEC<QJ> K> @CLIA=:B LBJIAL ><B NE;EBE;> D
K>< >P>N@K>< <JAM:;B< @CL<>;B>;B K>< IAmLC>;B>< <BC:BLOA>< IA<@E;AFK>< I:;< K> =:IC> I>

















































è  íî íî   é
ã








ê íè  é
ã









































































é í  é  Ł  ì    



































ê  íê íé

é ý  ä









  äì éêîŁ 
ñ
















































å é  



































ENN> ;EJ< K :ME;< MJ @CL=LI>NN>;B D K A;BLCB I> =>< :KOECAB?N >< ><B I> @EJMEAC
BC> JBAKA<L< IAC>=B>N >;B @EJC CL<EJIC> BEJB @CEFK~N > I >PBC:=BAE; I> NEBAH< A;BLC><<:;B< D
C>@CL<>;B:FK> @:C I>< >;<>NFK>< D =E;BC:AC>N >;B  J;> OC:;I> @:CBA> I>< :JBC>< :KOECAB?N><
V
9> @KJ< D K>JC EFG >=BAH LB:;B I> KAN AB>C K> ;ENFC> I> NEBAH< B><BL< >B ;E; I E@BAN A<>C K>





^\ _]`a`ab _cd\ ]c_Äe\ e .c ^d`]Äagh\
Ã
e .\



















2ÙÖÎﬁÓ ÓÎú Ø ÔÓÎÔ ØÓ ÕÖÐ×ÐÔ ØÓÔ ÖÑﬁÐÏúÙ ÓÔ












D K A; ABA:KA<:BAE; =ENN>;=> @:C K> ?:JB  >B :KB>C;> I>< IJ:KA<:BAE;< >;BC>
K>< I>JP FECIJC>< =ENN> @CL=LI>NN>;B
V
ﬂ;> :@@CE=?> @:C K> ?:JB  @>CN >B ;EB:NN>;B I> BCEJM>C K: B?LECA> I>< @CLIA=:B<
NE;EBE;><
V
9:;< K> =:< I J; @CLIA=:B :;BANE;EBE;> D AK @ >JB < :MLC>C @ >CBA;>;B >; HE;=BAE;
I> K: ;:BJC> I>< IE;;L>< I JBAKA<>C J;> :@@CE=?> @:C K> ?:JB  Ç AK H:JB :KEC< :J<<A A;M>C<>C
K> @CLIA=:B D >B :==>@B>C I> ;> BCEJM>C QJ> K>< F ECIJC>< I> K: B?LECA>
V

EBE;< QJ> @EJC A;M>C<>C K> <>;< I> @:C=EJC< D AK <J B I JBAKA<>C K>< :KOECAB?N >< =K:<




>BB> <AN@K> E@ LC:BAE; : @EJC =E;<LQJ>;=> I A;M>C<>C K> <>;< I> @:C=EJC< I>
K :KOECAB?N> <:;< NEIA¡>C K: =EN@K>P ABL I> K :KOECAB?N> D ;A <E; > =:=ABL
V
























































  äì éêîŁ   é íéŁ














ü  å Ł

è é  

Ł êô êêé  ä
Apriori
êß
õ  è  äì éêîŁ  õ é í 
ã




è Ł ê   Ł éê
ë
































êõ õ é í
ã



















































































































õ   ì
ã
  Ł éê
ë








































î   äêêêêêé
ñ
2
Ù Ï ØÓ ÑÖ ÔúÐÖúÌﬁ ÏÓ Ø ÒÓÕÑÐÖúÏÎ ØÓ Ñ ÒÓÔÕÖ×Ó ØÓ ÐÓ×ÙÓÐ×ÙÓ
}: KAFC:ACA> @CL<>;BL> EmC>  K JBAKA<:B>JC J;> OC:;I> KAF >CBL I:;< K JBAKA<:BAE; I>< :K
OECAB?N >< D => QJA KJ A @ >CN >B I> =?EA<AC K: <BC:BLOA> K: @KJ< :I:@BL>  <E; @CEFK~N >
V
}>
=?EAP IJ NEI> I> @:C=EJC< I> K ><@:=> I> C>=?>C=?> IL@ >;I >; @:CBA> I> K: <ECBA> QJ> K E;




<>C: @:CBA=JKA~C>N >;B :I:@BL  K L;JNLC:BAE; I>< @KJ< OC:;I>< 9




; C>M:;=?> D =ENN> K E;B NE;BCL K><
:B>KA>C< WT  D
Apriori
><B BC~< =EN@LBABAH I~< KEC< QJ> K>< IE;;L>< <E;B =C>J<>< >B QJ> K><





^\ _]`a`ab _cd\ ]c_Äe\ e .c ^d`]Äagh\
Ã
e .\






ÚÛ ÜÝÞ ßÜ !9 á




è  äì éêîŁ 
ABS








































ê ê è íéŁŁ  í ä








  ì éêîŁ  
ã






























9 :JBC>< @:C=EJC< OL;LCAQJ>< D @:C >P>N@K> >; @CEHE;I>JC D @ >JM>;B FA>; <;C BC> =E;<A
ILCL< D =?:=J; I >;BC> >JP @CL<>;B:;B I>< :M:;B:O>< <JAM:;B K>< =E;¡OJC:BAE;<
V 
EBC> KAFC:A
CA> ><B K:CO>N >;B >PB>;<AF K> D ;EJ< M>CCE;< @KJ< KEA; K> IA:OC:NN> I> =K:<<> I J; :KOECAB?N >
AN@K:;BL I:;< K: KAFC:ACA>
V

















































































FGJBNE LBF FJENIJNEBF LB






































FGJBNE _ IBJJB I
K

































HBF LB IBF I
K












GFFBF LRa  LRSB
K



















































































R _ a NF]N  I
A
H] JCBF LB I
K















































































































j\ ^Äe]c Ä]Ä\ fgg
/01 )  \
È h
AG[EGQQB LB IKGFFB L NH GK[DEAJTQ B LGHF KG KAOEGAEAB
¬ ­U ­® i




























RQ BHJBE DN  ERNJ
AKA
FBEj CDNE ITG]NB CEDO
K













RQ BHJRF G¡H LB ERFDNLEB NH HDNSBGN CEDO
K
~QB \
ﬀÓÔ ×Õ ÔÖÎúÔ k ÐÓØÌÍÎÏÐ
































































JTQ B \ } NJ
AKA
FGJBNE C BNJ LDHI LRSB
K






































DH CBEQ BJ LB
[
REBE JDNJ JCB LB LDHHRBF JB
K
F ]NB LBF LDHHRBF
BH Q RQD
A
EB _ NH ¡IT
A







































































































































































































































MF MER]NBHJF \ }B CERL
A


















^\ _]`a`ab _cd\ ]c_Äe\ e .c ^d`]Äagh\
Ã
e .\






lAHGKBQ BHJ _ HDJDHF ]N AK BFJ CDFFAO KB LB LR¡HAE LBF CERLAIGJF AFFNF LB KG IDHa DHIJADH
LB CKNFABNEF CERLAIGJF _ JBKF ]NB KBF CERLAIGJF LBF EBCERFBHJGJADHF IDHLBHFRBF LBF Q DJAMF
MER]NBHJF \
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GHF IB IGF _ K DE[GHAFGJADH LB HDJEB KAOEGAEAB C BEQ BJ LB ERNJAKAFBE KBF CERLAIGJF
LRa  LRSBKDCCRF _ BJ LB KBF GFFDIABE JE~F FAQCKBQ BHJ LGHF NH HDNSBGN CERLAIGJ \ ^GE B`BQCKB
CDNE KBF Q DJAMF [RHREGJBNEF MER]NBHJF _ FA KB CERLAIGJ JEB MER]NBHJ  BFJ LRa  LR¡HA _ AK FN J
L AQCKRQ BHJBE IBKN A LR¡HAFFGHJ KBF QDJAMF [RHREGJBNEF _ CNAF LB KBF AHJR[EBE JDNF LBN` LGHF
NH HDNSBGN CERLAIGJ JEB [RHREGJBNE MER]NBHJ \
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NJAKAFGJBNE LDAJ GNFFA LRSBKDCCBE DN NJAKAFBE LBF IKGFFBF CDNE FJDImBE BJ¢DN BHEB[AFJEBE
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GK[DEAJTQ B KG JTRDEAB _ KG ODELNEB CDFAJASB BJ¢DN KG O DELNEB
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BF IKGFFBF C BNSBHJ JEB NJAKAFRBF CDNE FJDImBE KBF FDKNJADHF BH QRQDAEB _ C DNE
KBF BHEB[AFJEBE LGHF NH ¡ITABE LGHF NH MDEQ GJ LDHHR DN FNE NH GNJEB FNCCDEJ \ }G LR¡HAJADH
LB IB IDQCDFGHJ C BEQ BJ R[GKBQ BHJ L BmBIJNBE NH RSBHJNBK CDFJJEGAJBQ BHJ FNE KG FDEJAB
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}BF C BEMDEQ GHIBF LBF IDQCDFGHJF NJAKAFGJBNEF LRC BHLBHJ LAEBIJBQ BHJ LB KG MGDH LDHJ
AKF DHJ RJR AQCKRQ BHJRF \ DNJBMDAF _ NH IBEJGAH HDQOEB LB IDQCDFGHJF FDHJ LAFCDHAOKBF G¡H
LB MGIAKAJBE K DOJBHJADH L NHB AQCKRQ BHJGJADH B IGIB \ ^GE B`BQCKB _ KG KAOEGAEAB IDQCEBHL
LBN` FJENIJNEBF LB ê  Ç KG CEBQ A~EB MGSDEAFB KG IDQCEBFFADH LBF LDHHRBF _ GKDEF ]NB KG
LBN` A~QB MGSDEAFB KBF JBQCF L GII~F GN` LDHHRBF \
^GE GAKKBNEF _ KB LRSBKDCCBQBHJ L 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FGAEBQ BHJ NH FNEID;J  K B`RINJADH CGE EGCCDEJ  LBF FDKNJADHF LRLARBF _ BFFBHJABKKBQ BHJ L;
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MDEJBQ BHJ FNE KBF C BEMDEQ GHIBF \ }G LRIDNSBEJB LBF Q DJAMF MER]NBHJF BFJ NH B`BQCKB JCA]NB _
D  JDNF KBF GK[DEAJTQ BF NJAKAFBHJ LBF JBITHA]NBF GFJNIABNFBF LB IDQCJG[B \
ﬃ









RBF GN JBFJ LN CERL
A
IGJ _ BJ C BNSBHJ JEB C BENBF IDQQB LBF CER
JEG
A
JBQ BHJF DN LBF CDFJJEG
A
JBQ BHJF LN CERL
A
IGJ \ ^DNE IBJJB EG
A
FDH _ LBN` QRJTDLBF DHJ



















JTQ BF GSGHJ BJ GCE~F
K























































LGJF GSGHJ L Bm BIJNBE
K





























CGEIDNEF CDNE ITG]NB QDJ
A






























G OGFB LB LDHHRBF
BH FNCCE
A















































{z | dz | Äez e . {d|Äghz
Ã
e .z






K BFJ R[GKBQ BHJ CDFFAO KB L 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NHB Q QB IKGFFB CKNFABNEF SBEFADHF L NHB Q QB QRJTDLB Ç NHB
SBEFADH [RHREA]NB BJ LBF SBEFADHF FC RIAGKAFRBF \ }G QRJTDLB [RHREA]NB BFJ GNJDQ GJA]NBQBHJ
NJAKAFRB FA GNINHB QRJTDLB FC RIAGKAFRB HB IDEEBFCDHL  KG FJENIJNEB LB LDHHRBF JEGAJRB \
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CEDOK~QBF QGAF GSBI NH CDAHJ LB SNB HDNSBGN Ç IBKN A LB KG [RHREAIAJR BJ LN JBQCF LB
LRSBKDCCBQBHJ HRIBFFGAEB CDNE DOJBHAE LBF CED[EGQQBF ¡GOKBF _ EDONFJBF BJ CGFFGHJ 
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BCNAF FDH AHJEDLNIJADH AK  G CKNF LB LA` GHF _ KG LRIDNSBEJB LB QDJAMF MER]NBHJF _ BJ
CKNF [RHREGKBQ BHJ KG LRIDNSBEJB LB QDJAMF AHJREBFFGHJF _ G RJR NH LBF CEDOK~QBF LB MDNAKKB
LB LDHHRBF KBF CKNF RJNLARF \ }B HDQOEB LB CEDOK~QBF LB IBJJB MGQ AKKB BFJ AQ CDEJGHJ _ BJ KBF
LDQGAHBF GODELRF SGEARF \ DNJBMDAF _  HDJEB IDHHGAFFGHIB _ K GLGCJGJAS AJR BJ KG [RHREAIAJR
LBF GK[DEAJTQBF DHJ RJR C BN RJNLARBF Q BHGHJ  NH [EGHL HDQOEB LB EBFFDNEIBF BJ LB
IDHJEAONJADHF TRJRED[~HBF \
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LDHJ K B IGIAJR BFJ AHLRC BHLGHJB LN CERLAIGJ RJNLAR \ }BF FGNJF B¥BIJNRF HB FDHJ CGF MDH
LRF FNE LBF TBNEAFJA]NBF DN LBF CEDCEARJRF KARBF GN CEDOK~QB RJNLAR _ Q GAF NHA]NBQ BHJ FNE
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GHJAQDHDJDHAB LN CERLAIGJ \ }BF C BEMDEQ GHIBF LB IB JCB L GCCEDITB DHJ HDJGQQBHJ RJR
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CGEJGHJ LN IDHFJGJ ]NB K DOJBHJADH L NHB AQCKRQ BHJGJADH CBEMDEQ GHJB LB IBF GK[DEAJTQ BF
BFJ KDH[NB BJ IDQCKB`B _ BJ EBFJB IDH¡HRB  KG LAFIERJADH LB ]NBK]NBF CED[EGQQBNEF FC R
IAGKAFJBF \ r QB K GLGCJGJADH LBF AQCKRQ BHJGJADHF B` AFJGHJBF F GS~EB LA IAKB _ BJ EB]NABEJ
NHB IDHHGAFFGHIB GCCEDMDHLAB LBF JBITHA]NBF BJ DCJAQ AFGJADHF Q AFBF BH DBNSEB \
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KB IDLB FDNEIB _ Q QB KAOEB BJ CGEMDAFj IDQQBHJR _ BFJ BH [RHREGK IDQCKB`B BJ AHJAQ BQBHJ
KAR GN CEDOK~QB LBF QDJAMF MER]NBHJF \
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DOa BIJAM RJGAJ LDHI LB MGIAKAJBE KB JEGSGAK LBF CED[EGQQBNEF CDNE KBNE C BEQ BJJEB L DO
JBHAE NH CED[EGQQB CGFFGHJ  K RITBKKB CDNE NHB GCCKAIGJADH LDHHRB \
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IDNEO BF BH IKD ITB _ BJ KG FJGOAKAJR  LBF LAFJEAONJADHF CGE EGCCDEJ GN ITGH[BQBHJ LB FBNAK
Q AHAQNQ LB FNCCDEJ \ ^GE KG FNAJB _ HDJEB RJNLB F BFJ CEAHIACGKBQ BHJ MD IGKAFRB FNE KBF QDJAMF
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